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HISTORICAL PREPACE 


BY 

Sir ARTHUR E. SHIPLEY, G.B.E., P.R.S. 


Lekches are so widely spread in the temperate and in the 
warmer areas ot this world, and come into such close contact 
with humanity—or at any rate certain species o£ them do, 
that it is not surprising to learn thev have been widely 
noticed in the literature of mostof the leading nationsof the 
world, both ancient and modern. 

It seems difficult to discover the word for leech in 
Egyptian literature, and our expert in Egyptology in 
Oambridge (Mr. F W. Green, of Jesus College) has not 
been able to find any allusions in Egyptian writings to 
leeches as blood-suckers. It seems improbable that leeches 
were used in Ancient Egypt for blood letting. However, in 
that country a learned doctor was using cupping somewhere 
about tlie fourth century b.c. 

The record of the leech (colloq. shui chih ; book language 
cli i) in early Chinese literature is scanty, and no distinction 
of species was recognized until modern times. The earliest 
mention in Chinese literature occurs in the Erh Ya^ if this 
work is really a B.c. book, whicli is very doubtful. This 
account lias an illustration. In the Lun Heng by Wang 
Chung, who flourished a.d. 27-29, there is a long story of a 
King who swallowed a leech with his salad. The King, 
who was suffering froin constipation of blood, found himself 
cured by the action of this blood-sucking worm, “justas 
men suffering from the skin-disease known as rat , can be 
cured by eating a cat.” 
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The Po wu chili , an ancient \vork re-edited, says that if you 
chop a leech into three pieces, you will have three leeches. 

There is no record that leeches in nature ever regenerate 
part of their body as is the case with earthworms and some 
otlier Chsetopods, but it may be that the author mistook one 
of the Turbellarians for a leech. 

I am indebted to the kindness and learning of Professor 
H. A. Giles, of Cambridge, for the above information. 

In Assyrian literature there seem to be few references to 
leeches, but it has been suggested, with every probability, 
tliat the word ilqitu in Cuneiform Texts from Babylonian 
Tablets in the British Museum, xiv, Pl. 9, K. 4373, i-ii, 26, 
and Pl. 10, K. 4218, a, iv-iii, rev. 1, is the same as the Syriac 
alqetha “ leech,” but we have no knowledge of it having 
been used in medical texts. The word ilqitu occurs in a 
scanty list of insects and animals probably drawn up for 
school use. These lists are very common in Assyrian texts. 
As a rule tbe lists are in two columns, a Sumerian word to 
the left and an Assyrian equivalent opposite. There are 
lists of gods, stars, officers, buildings, vessels, clothes, 
animals, in fact, of almost everything. 

I am indebted for this information to Mr. C. P. T. 
Winckworth, Yarrow Lecturer in Assyriology at Cam- 
bridge, and to Mr. R. Campbell Thompson, of Merton 
College, Oxford, 

Those texts vvhich have come down from Assyrian times 
and which deal witli medicine, are mainly confined to drugs 
rather than to minor operations, though frequently directions 
are given as to shaving the head and a preparation of 
poultices. 

“ The Arabs and Persians certainly used leeches for 
blood-letting, and under ‘alak (leech) Damiri’s Zoological 
lexicon gives the following sentences : 4 Certain black and 
red worms found in water, that cling to the body and suck 
blood. They are one of the remedies for (diseases of) the 
throat and inflammatory swellings, on aecount of their 
property of sucking blood in excess in any person. It is 
related in a Tradition of the Prophet, handed down by 
‘Amir, that the best of remedies are leeches and eupping/ 
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There musfc be other references, bufc so far I have nofc been able 
fco pufc my hand upon them.*’ The quofcation jusfc given was 
senfc to me by Professor R. A. Nicbolson, of Trinity College. 

Professor Rapson informs me that the leech is often 
mentioned in Sanskrit literature and thatit has manynames, 
the most common being raktapa, “ blood-drinker ” ; jalauka, 
“ water-dweller ” ; jala-sarpini, “ water-glider/’ 

I have also had much help from Professor R. L. Turner r 
and both he and the Professor luive drawn my attention to 
Jolly’s hook : [“ Medicin ” von Julius Jolly. Grundriss der 
Indo-Arischen Philologie und Altertumskunde (Bncyclo- 
pedia of Indo-Aryan Research), Strassburg, Karl J. Triibner, 
1901], where the follovving account is given of bleeding :— 
“ Bleeding. The mildest method of Bleeding is the use 
of leeckes, which therefore are especially suitable for princes, 
wealthy people, children, old men, weak, nervous and 
delicate people and women. Avoidingthe poisonous species, 
whose bite produces swellings, excessive irritation, fever, 
delirium and other bad symptoms, only the six non-poisonous 
species should be employed. The leeches must be kepfc in a 
large, new vessel, filled with mud and water from a pond, 
new water and food being given tliem every three days and 
the vessel being clianged now and again. The places affected 
are rubbed dry with a powder of earth and dry cow-manure, 
then tho leech is applied, after it has been irritated by 
painting its body with prepared mustard (iiterally mustard- 
dough) and by being immersed in water. If it will not bite 
in, a drop of milk or blood should be applied to fche place or 
slight incisions made. If the leech, becoming greedy, will 
not let go, paint honey or powdered salt into its mouth. 
In order to make the leeches good for further use, fchey must 
be made to expel the blood they have imbibed. If tho blood 
is still uncleansed the bitten places must be made tobleed by 
rubbing in honey and syrup. When (enough) blood has 
”flowed the wound must be immediately rinsed out with 
cold water and covered with cotton, steeped in fat; in 
addition, sweet cold poultices, to contract the wound, should 
be made, When the bad blood is gone the swelling becomes 
soft, the burning redness and pain disappear.” 
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Professor Turner, of the London School of Oriental 
Studies, tells me that tliere are a number of variants of 
the word for leech used in Sanskrit, including 

jalaukas, m. (Susruta). 
jalaukasa, m. (Susruta). 
jalauka, m. (Susruta). 
jalauka, f. (Mahabharata). 
jaluka, f. (Lexicographers). 

Jalaukas is said to mean “ having water as its home,” derived 
from jala, water; okas, home. Tho modernlanguages (Sindhi 
jaru f., Hindi jalu f.) point to the form quoted by the 
Lexicographers jaluka, and the form jalaukas is very likely 
a piece of learned etymology. The modern languages have 
another word reminiscent of, but not derivable from, the 
Sanskrit name (e. g. Nepall juko m., Hindl jok f.). It 
appears likety that the Aryans borrowed the word for leech 
from the aboriginals, one form of the word being that which 
appears in Sanskrit jaluka Sindhl jaru, etc., the other that 
which appears in Nepali juko, etc. 

In view of the fact that the word first appears in literature 
in the Mahabharata (c. 500 b.c.?), it may be interesting to 
note that Sinhalese appears to have no derivative of the 
jaluka-juko family. According to tradition Ceylon was 
colonised first by Aryans in c. 500 B.c., a date which agrees 
with the linguistic evidence. 

The apparent absence of a common Indo-European word 
£or leech supports the suggestion that the Indo-Aryan 
word was borrowed. 

In his Introduction to the Arhynchobdellidse, Professor 
Moore refers to the thirteenth chapter of the English 
translation of the Sushruta* Samhiia, bv Kunja Lal Sharma. 
Unfortunately the date of this work is unknown, and very 
little is known about the author. The translator says—“ In 
a country like India where life itself was regarded as an 
illusion, the lives- of kings or commoners were deemed 
matters of little moment to the vital economy of the race, 


* Nowadays Suslmita is usually spelt Susruta. 
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and all historians and biograpliers were looked upon as the 
-embodiment of the flimsy vanities of ]ife.’ ; It is very 
probably earlier than 400 a.d. 

I liere transcribe certain portions of the chapter froin the 
Sush'uta Samhita , which are again discussed in Professor 
Moore's article (v. p. 116.). 

Now we shall discuss the chapter which treats of leeches 
and of how and which to use (Jalaukavacharaniyam- 
-adhyayam). 

Leeches should be applied where the patient would be 
found to be old or imbecile, or a woinan, or an infant, or a 
person of an extremely timid disposition, or a person of 
a delicate constitution, and as such is not fit to be surgically 
operated upon, since this mode of bleeding is the gentlest 
tliat can be possibly devised. The blood vitiated by the 
•deranged wind (Vayu), bile (Pittam), and phlegm (Kapham), 
jshould be respectively sucked through a horn, by leeches and 
a gourd appliance (Alavu-Yantra) or with whichsoever of 
them is available at the time, irrespective of the cause of 
such vitiation, wlienever such bleeding or sucking would be 
found to be imperatively necessary. 

Authoritative verses on the subject:—A cowhorn is 
described in the Shastras asof a hot or heat-making potency, 
and as possessed of a slightly cooling (Snigdha) or soothing 
(Madhura) property. Accordingly it should be used in 
suckingthe blood vitiated through the action of the deranged 
bodily wind. Leeches, which are born in water, are 
possessed of Madhura (sweet or sootliing) properties, and 
hence tliey should be used in sucking the blood vitiated 
ihrough a deranged condition of the bile (Pittam). The 
gourd (Alavu) is pungent, parching and irritating in its 
potency and should be therefore used in sucking the blood 
vitiated through the action of the deranged phlegm 
(Kaphatn). 

Mode of application :—The part from which the blood 
is to be sucked should be first scarified or 'slightly cut in two 
or three places, and then the mouth or the open end, of the 
horn, covered with a thin piece of muslin tied round its 
•edges should be placed over it and sucked with the mouth 
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through the aperture at its tip or top-end, or with a gourd 
applianco equipped with a lighted lamp placed in its inside. 

The term Jalauka (leeches) may be etymologically 
interpreted to mean creatures whose life (Ayu) or whose 
longevifcy is in, or depends upon, water, whereas the 
derivative meaning ot’ the term Jalauka (leeches) is based 
upon the fact of their dwelling (“Oka”—dvvelling }>lace) 
in water (Jalam). Leeches may be divided into tvvelve 
distinct species, of which six are venomous and six non- 
venomous. The six venomous species are named Krishna, 
Karvura, Alagarda, Indrayudha, Samudrika and Gochandana- 
The leeches of the first-named species (Krishna) are marked 
by thick heads, and of a colour resembling powdered lamp- 
black. The leeches of the Karvura type have extended or 
elongated bodies like the Varmifishes, and are indented and 
thick at the waist. The Alagarda leeches are hairy, thick 
and round at the sides, and black at the mouth. The leeches 
of the Indrdyudha species are marked on the surface with 
up-pointed rainbow coloured lines. The skins of the 
Samudrikas are blackish-yellow, dotted over with white 
spots of a variety of shapes. Leeches which are provided 
with narrow mouths, and are marked by bifurcating line at 
the bottom like the scrotal sac of a bull are called 
Gochandanas. 

A person bitten by any of the abovesaid venomous leeches 
has an irresistible inclination to scratch the seat of the bite 
which is marked hy a considerable swelling. Fever, with 
burning, retching, drowsiness and delirium supervenes, and 
ultimately the patient loses all consciousness. The remedy 
consists in the administration of an anti-toxic medicine 
knovvn as Mahagada, as snuffs, potions and unguents, etc. 
A bite by an Indrayudha usually proves fatal. Venomou& 
leeches, as well as cures for their bites liave thus been 
described. 

The non-venomous species include Kapilas, Pingalas, 
Shankhamukhis, Musikas, Pundarimukhis. and Saravikas. 
The Kapilas are coloured like Manah-Shila (realgar) at the 
sides, and fcheir backs are tinged vvith a glossy hue like that 
of a Mudga pulse. The Pingalas have a reddish colour, aro 
round in shape, and capable of speedy loeomotion. Tlio 
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Shankhamukhis are ninrked by a blackish red hue like ihat 
ot‘ the liver, are provided with sharp elongated mouths, and 
are capable o£ sucking blood with the greatest swittness. 
Tiie Musikas are coloured like the common blind moles, and 
emit a fetid smell £rom thcir bodies. The Pundarimukhas 
are coloured like the Mudga pulse, and are so-called from 
the fact o£ the reseinblance of tiieir mouths to the full-blown 
lotus lilies (Pundarikas). The Sar£vikas have cold bodies 
marked with impressions like lotus leaves and measure 
eighteen fiugers^ width in length, and they should be 
employed in sucking blood from the afiected parts of lower 
auimals. This exhausts the list of non-venomous leeches. 

The countries, such as Turkesthan (Yavana), the Deccan 
(Pandya), the tract of land traversed by the Ghaut moun- 
tains (Sahya), and Pautana (modern Mathura), are the 
natural habitats of these leeclies. The leeches found in the 
aforesaid countries are specifically non-venomous, strong, 
large-bodied, greedy and ready suckers. 

The venomous leeches have their origin in the decomposed 
urine and fsecal matter of toads and venomous fishes in pools 
of stagnant and turbid water. The origin of the non- 
venomous species is ascribed to such decomposed vegetable 
matter, as the petrified stems of the several aquatic plants 
known as Padma, Utpalam, Nalina, Kumuda, Pundarika, 
and the common zoophytes which live in clear waters. 

Authoritative verse on the subject:—The non-venomous 
leeches swim about in sweet scented waters, live on non- 
poisonous weeds, lie on the leaves of flowering water plants 
instead of on the dank and oozy beds of pools, and suck 
blood from the affected part of a humau organism without 
causing any discouifort. 

Leeches should be caught hold of with a piece ol' wet 
leather, or by somo similar article, and then putin to a large- 
sized new pitcher filled with the water and ooze or slime of 
a pool. Pulverised zoophytes and powder of dried rneat and 
aquatic bulbs sliould be thrown into the pitcher for their 
food, aud blades of grass and leaves of water-plants should 
be put into it for them to lie upon. The water and the 
edibles should be changed every second or third day, and 
the pitchers should be changed eacli week (the leeches should 
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be transferred to a new pitcher at Ihe end of every consecutive 
«even days). 

The authoritative verse on the suhject. :—Leeches that are 
venomous, thick about the middle, elongated, of slovv loco- 
motion, look fatigned, do not readily take to the part they 
are applied to, and eapable of sucking only a small quantity 
of blood, should be looked upon as not belonging to the 
proper or the commendable type. 

Then having seated or laid down the patient sufFering 
from a disease which requires the application of leeches, the 
seat of bleeding, if not previously ulcerated, should be 
roughened by dusting it ovcr with a composition of loose 
earth and pulverised covvdung. Then the leeches should be 
taken out of tlieir receptacles and sprinkled over with water 
•saturated with niustard seed and pasted turmeric. Then for 
a moment they should be kept in a basin full of water, and 
after tliey have regained their natural vi\acity and freshness, 
they should be applied to the afiected part. Their bodies 
should be covered v/ith a piece of thin and wet linen, or 
with a piece of white cotton. The affected part should be 
sprinkled over with dropsof milk or blood, or slight incisions 
should be made into it in the event of their refusing to stick 
to the desired spot. Other Iresh leeches should be applied 
even when tlie preceding measures should prove inetrectual. 
That the leeches have taken to tlie affecled part may be 
inferred from the mouths of the leeches assuming tlie shape 
of a horse-shoe, and the raised and arched position of their 
necks after they had become attached to the seat of the 
disease. While sucking, the leeches should be covered vvith 
a pieceof wet linen, and should be constantly sprinkled over 
with cold vvater. 

A sensation of itching and of a drawing pain at the seat 
of the upplication would give rise to the presumption that 
fresh blood was heing sucked, and the leeches should be 
forthwith removed *. 


* Tlie leeches, through a blissful dispensation of Nature in themselves, 
instinctivel ^ 7 draw off the vitiated blood from a diseased part, attacking 
the healtliy vital fluid (red blood) when tke former kas keen completely 
tapped or sucked. 
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Leeches refusing to fall oflE even aflter the production 
o£ the desired effect, or sticking to the aflfected part out o£ 
their fondness for the smell o£ blood, should be sprinkletl 
with the dust of powdered Saindhava (rock salt). 

After falling off, the leeches should be dusted over with 
rice powder and their mouths should be lubricated with a 
composition of oil and common salt. Then they shoulcl 
be caught by the tail-end with the thumb and forefinger of 
the left hand and their backs should be gently rubbed vvith 
the same fingers of the right hand from tail upward to the- 
mouth with a view to make them vomit or eject the full 
quantity of blood they had sucked from the seat of the 
disease. The process should be cont’nued until they 
inanifest the fullest symptoms o£ disgorging. Leeches 
that had vomited the entire quantity of blood sucked as- 
above, would briskly move about in quest of food if placed 
in water, while the contrary should be inferred from their 
lying dull and inert. These should be made to disgorge again. 
Leeches not made to emit the entire quantity of the sucked 
blood sfcand in danger of being attacked with an incurable 
disease peculiar to their genus, and which is known as^ 
Indramada. The leeches should then be put into a new 
pitcher, and treated as before laid down, after they had fully 
emitted the sucked blood. 

An ulcer incidental to an application of leeches should be 
rubbed with honey or washed with sprays o£ cold water, or 
bound up with an astringent (Kashaya) sweet and cooling 
plaster, according to the quantity of blood removed from 
the part *. 

Authoritative verse on the subject:—The physician who 
is fully conversant with the habitat, mode of catching, 

* In case of full and proper bleeding (Yoga) the ulcer should be 
rubbed with clarified butter technically known as the Shatadbautam 
(lit. hundred times washed) Ghritam (clarified butter), or a piece of 
cotton, soaked in the same substance, applied as a compress over 
the part. The ulcer should be rubbed with honey in a case of 
insufficient bleeding, while it should be washed with a copious quantity 
of cold water if excessive bleeding (Ati-Yoga) should set in. Similarly 
in a case marked by the absence of any bleeding at all (Mithya-Yoga) a 
sour, 8weet and cooling plaster should be applied over the ulcer. 
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preservation and application of leeches, can well aspire to 
cure the diseases wliieh yield to them or in which their 
use is indicated. 

Thus ends the thirteenth Chapter of the Sutrnsthdnam in 
the Sushruta Samhita which treats of Leeches and of how 
and which to use. 

Lord Chalmers, the Master of Peterhouse, the authority 
on Pali, can only trace a single reference to leeches in the 
literature, namely in c The Questions of King Milinda ’ 
(ad finem), where the jalupika (or leech) is held up as 
a model to the devout aspirant after truth. For, “ just as 
the leech, wheresoever it is put, there holds on tight, 
drinking the blood, so should the strenuous Almsman (i.e. 
4 priest ’) concentrate on a theme of thought, drinking the 
ambrosial draught of Deliverance (i.e. 4 Salvation *).” He 
adds :—“ In a native glossary I see noted another Pali name 
ior the leech, viz. ratta-po [( = red blood)-drinker] or 
4 sanguisuga/ But I liave not traced this word in literature.” 

The only reference to leeches in the Bible seems to be in 
Proverbs, chapter xxx, verse 15, where horse leech is 
recorded as having daughters crying “ Give, give.” I am 
not an authority on exegesis. but I always thought when 
young that these daughters were the children of the local 
veterinary surgeon ; but apparently they really were leeches, 
though what species we do not know. The Talmud contains 
a warning against drinking waters from rivers or pools 
“for there is a most dangerous leech ” known as Limnatis 
nilotica, about 10 mm. in length. It was first described by 
Savigny, who accompanied Napoleon’s Army to Egypt. 
That army was much tormented by these leeches, as were 
•our soldiers who were fighting in the Near East during the 
■Great War. This particular species is swallowed by man 
and by cattle, and doubtless by wild animals with their 
drinking water. Amongst the medical writers of the 
Fastern world in classical times who mentiori leeches there 
was always,as there was amongst the authors of the Talmud, 
:a great and haunting fear ot leeches being swallowed, and 
these writers mostly wrote from the area where Limnatis 
nilotica still abounds. 
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According to Mr. Masterman, who has had, as a medical 
officer in Palestine, a first-hand opportunity o£ studying this 
leech, the pest attaches itself to the mouth or throat or 
larynx during the process o£ swallowing, and he is convineed 
that i£ it be once really swallowed and reaches the stomach 
it is killed and digested. 

Limnatis nilotica , unlike Hirudo medicinalis , the medicinal 
eech, is unablo to bite through the outer integument o£ 
man and is only able to feed when it has access to the softer 
mucous membrane o£ the mouth or of the pharynx or of the 
larynx, and o£ the other thinner and more vascular internal 
mucous linings. 

In Palestine these pests are particularly common in the 
region of Galilee and in the district o£ Lebanon. They are, 
in these and other districts, so plentiful in the autumn that 
almost every mule and almost every horse the tonrist comes 
across is bleeding £rom its mouth or from its nose, for this 
species o£ leech is by no means only a human parasite. The 
natives, who know quite a lot about these pests, generally 
strain them out of their drinking wuter by running the 
water through a piece of muslin or some such sieve when 
they fill their pitchers at the common well. In certain 
districts these leeches in the local pools or reservoirs are 
kept in check by a fish—a species o£ cirp (Capoeta 
fratercula ). 

In the cases which recently came under Mr. Masterman’s 
observation, the leeches were attached to the epiglottis, the 
nasal cavities, and perhaps, most commonly>of all, to the 
larynx o£ their host. When they have been attached 
to the anterior part of the mouth, or any other easily 
accessible position, their host or their host’s friends naturally 
remove them, and such cases do not come to the hospital for 
treatment. 

The effect o£ the presence o£ this leech ( L . nilotica) on 
the human being is to produce constant small haemorrhages 
from the mouth or nose. This haemorrhage, when the leech 
is ensconced far withiu the buccal, the nasal, or the pharyn- 
geal passages of the host, may be proJonged, serious, and 
even fatal. Masterman records two cases under his own 
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observation wliich ended in deatli: one of a man and the 
other of a voung girl, both of whom died o£ anaeinia 
produced by these leeches. 

The average patients certainly suffer. They show marked 
distress, usually accompanied by a complete or partial loss* 
of voice ; but all the symptoms disappear, and at once, on 
the removal o£ the semi-parasite. Sometimes the leeches- 
are attached so closely to the vocal cords that their bodies 
flop in and out of the vocal aperture with each act of 
expiration and inspiration. The hosts of leeches so situated 
usually suffer from dyspnoea, and at times were hardly ablo 
to breathe. 

The native treatment is to remove the leech, when acces- 
sible, by transfixing it with a sharp thorn ; or they dislodge 
it I>y touching it with the so-called “nicotine” which 
accumulates in tobacco-pipes. But nicotine is destroyed at 
the temperature of a lighted pipe, so whatever the really 
efficient juice is, it is not nicotine. Still, as long as tho 
fluid proves efficient, the native is hardly likely to worry 
about its accurate chemica! formula. 

Masterman says that the modes of treatment he has foundi 
most effective were : (1) Seizing tlie leech, when acces- 
sible, with suitable forceps; or (2) paralysing the leech 
with cocaine. In the former case the surgeon is materially 
assisted by spraying the leech with cocaine, which partiullv 
paralyses it and puts it out of action. In the latter case, if 
the spraying of cocaine is not sufficient, Maslernian recom- 
mends the application of a small piece of cotton-wool dipped 
in 30 per cent. cocaine solution, which must be brought into* 
actual contact with the leech’s body. The effect of the 
cocaine in contact with the skin of the leech is to paralyse- 
the leech and to cause it to relax its hold. In such a case- 
the leech is occasionally swallowed, but it is more often 
coughed up and out. Headaches and a tendency to vomit. 
are symptoms associated with the presence of this creature 
in the human body ; the removal of the leech or leeches* 
coincides with the cessation of these syinptoms. 

The animal now known as the horse leech (.Hcemopis 
sanguisuga or Aulastomum gulo ) and an additional leech 
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(Hirudo medicinalis) are also common in the streams and 
fresh waters of Palestine. Hajmopis does not attack man 
but lives largely on earthworms. But it is also from time 
to tiine cannibalistic and will swallow one of its own family 
as readily as it will an earthworm. 

The information obtained from the Talmud which has 
been given to me by Dr. Gaster shows that the leech 
was not used medicinally by the Hebrews: they only 
practiced venesection, “ The reference to the leech was 
a caution against drinking water from a vessel that was un- 
covered, lest one swallowed a leech. This occurs in Treatise 
Abodah Zara f. 12 b. and Tr. Bekhoroth f. 44 b. In the 
Tr. Sabbath f. 109b. a discussion is raised as to whether 
the swelling of the belly would be caused by a leech thus 
8wallowed. Thus the Bayblonian Talmud. In the Pales- 
tinian Tr. Berakhot Ch. ix. f. 130 a remedy is given how to 
vomit or to gefc free of a leech that has been swallowed, by 
the use of a bug in water. I believe that a similar remedy 
is mentioned by Marcellus, according to a nofce which 1 
made some time ago. In each case the word to designate 
the leech is the same ‘ Alukah.’ It is the same that occurs 
in the last chapter but one of the Book of Proverbs. This 
is a traditionary interpretation of that word, which, however, 
could be translated 6 vampire/ if the belief in it could be 
shown to have existed in Western Asia already at that time.” 

Many Latin and Greek writers refer to leeches. Some- 
where about 443 b.c. Herodotus drew attention to the bird 
which eats leeches and bits of flesh that are found between 
the teeth of the carnivorous crocodile ( Herod . ii, 68). 
This statement is as follows :— 

“ Now forasmuch as he (the crocodile) sojourneth in the 
water, he hath his mouth all full of leeches within. And 
all other birds and beasts do avoid him, except the sandpiper 
(trochilos) alone, which livetli peaceably with him, because 
that* lie is holpen by it. For whensoever the crocodile 
goeth up out of the water on to the land and thereafter 
yawnefch (which he is wont commonly to do when the west 
wind bloweth), then entereth the sandpiper into his mouth 
and swalloweth down the leeches ; and the crocodile is 

b 
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pleased at the help which he receiveth, and hurteth not the 
sandpiper at all.*’ (Tr. A. L. P.) 

The bird that Herodotus here refers to appears to be the 
Egyptian Spur-wing Lap-wing ( Hoplopterus armatus} which 
£requents the banks of rivers, lakes and canals. It. is 
locally known as “ Zic-zac.’ > Mr. J. M. Cook, who has 
observed the habits of this lap-wing, records how the bird 
apparently hops into the open inouth o£ the crocodile—the 
<?rocodile opens its jaws, the bird hops in, the erocodile 
■closes its jaws, and in a few inoments the crocodile opens its 
mouth again and the bird flies away to the water's edge. 
What it did there the observer was unable to determine ; 
bufc ifc repeatedly returned to the crocodile and entered its 
mouth, which was at once closed for about a minute. To 
put one’s body into the mouth of a crocodile seems a rash 
and daring deed, but the bird showed no fear. 

On the other hand, Gradow says that the bird described by 
Hc r odotns under the name Trochilus is supposed to be a 
Plovcr known as Pluvianus cegypticus . The latter writer 
makes no reference to the crocodile's jaws closing over the 
bird. He thinks they pick the teeth of the crocodiles while 
the animals are resting with their mouths wide open, and 
they are veiy watchful and have a well-known note of 
warning. 

Dr. Gadow thinks thev inay be helpful in a second way to 
the crocodiles by giving them the alarm when danger 
is approaching. 

Poirier et Rochebrune (1884, p. 1597) consider this leech 
to be Lophobdella (= Ozobranchus ) quatrefagesi. 

Johannson (1913, p. 13) regardsit as his Clepsine ( = Glossi - 
phonia) fimbriata . 

Poirier et Rochebrune (A. T. de), 1884: “ Sur un type* 
nouveau de la classe des Hirundinees,” in Compt. rend. 
Acad. Sci. t. xcviii, p. 1597. 

Moquin-Tandon & Diesing describe this leech as Lunatis 
nilotica. 

Celsus, who flourished about a.d. 50, wrote :— “ If a leech 
have been swallowed, salt and vinegar must be drunk.” 
fDe Medicina, v, 27 ; tr. Alex. Lee, 1836.) 
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Pliny, who died in a.d. 79, devotes a good deal of 
attention to the leecli, and I quote numerous passages from 
his Natural History . 

<l On the contrarie side, the horsleeches which wee call 
in Latine Sanguisugas (i. e. Bloudsuckers), are used for to 
draw bloud. And verily it is judged, that there is the same 
reason of them. as of ventoses and cupping-glasses used in 
physicke, for to ease and discharge the bodie of bloud, and 

to open the pores of the skin. But here is all the harme 

and discommoditie of these horsleeches, That if they be 
once set too for to draw bloud, the bodie will looke for the 
same physicke againe everie yeere after, about the same 
time, and be ill at ease for want thereof. Many physicians 
have thought it good to use them for the gout of th,e feet 

also. Well, set them to the hsemorrhoids, and where you 

will, tliev fall off lightly when they are full and satisfied, 
even with the verie weight of the bloud which pulleth them 
down ; or else by strewing some salt about the place where 
they sticke too : and otlierwhiles it falleth out, tliat they 
leave their heads behind them fast fixed in the place where 
they settled, and by that means make the wound incurable 
and mortall, which hatli cost manv a man his life : as 
it happened to Messalinus a nobleman of Rome, and w T ho in 
his time had been a Oonsull, whose fortune it was to 
die thereupon, having set them to his knee : whereby we 
may see, that oftentimes they bring a mischiefe for a 
remedie ; and the red ones are they that in this respect 
ought to be feared. To prevent therfore this daungerous 
inconvenience, they use with a paire of sizzers to clip them 
at the verie mouth as they be sucking ; and then shall you 
see the bloud spring out, as it were at the cocke of a 
conduit, and so by little and little as they die they will 
gatlier in their heads, and the same will fall off, and 
not tarrie behind to doe hurt. These horsleeches naturally 
are enemies to Punaises, in so much as their perfume 
killetli them. Furthermore, the ashes of Bevers skins burnt 
and calcined togither with tar, stauncheth bloud gushing 
out of the nose, if the same bee tempered and mingled wel! 
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xvi11 1 the juice of porret.” (N. H. xxxii, 10 ; Transl. o£ 
Pliny throughout by Philemon Holland, 1601.) 

Medecines against tlie shedding of haire. For to colouv the 
haire of the head . Also against the accidents of the ears . teeth, 
and visage. u I£ one be disposed to eolour the haire of 
the head blacke, let him take horse-leeches which have 
putrified and been resolved togither in some grosse red wine 
for the space of threescore daies, hee shall find this to be an 
excellent medecine. Others there be who give order, to 
put as many horseleeches as a sextar will hold, in two 
sextars of vinegre, and let them putrifie within a vessell of 
lead as many daies togither ; and when they bee reduced 
into the forme of a liniment, to annoint the lmire in 
the sunshine for the sanie puipose. And So'matius attri- 
butetli so much power unto this composition, that unlesse 
they that liave annointing of the haire with it hold oile in 
their mouths all the while, their teeth also (by his saying) 
who have the doing of it, wil turn black.” (N H. xxxii, 7.) 

“ The sarae depilatorie effect, the ashes of Horseleeches are 
supposed to have, if they bee reduced into a liniment witb 
vinegre, and used accordingly : Now must they bee burnt 
and calcined in a new earthen vessell that never before wa& 
occupied.” (Ibid.) 

“Moreover, horseleeches torrified in some earthen pan r 
and brought into a liniment with oile, work the same effect 
in the hairs (sc. ‘ depliatorie ’) : the very perfume or 
smoke which they cast ns they be burnt or torrified, killeth 
Punaises . . . But in using any depilatorie whatsoever r 
this one point is generally to be observed, That the haires 
be first pulled up by the roots, in any place, where you 
would not have them to grow. ,? (N. H. xxxii, 10.) 

“For the sting o£ Bees, Wesps, and Hornets : for ther 
biting also o£ these Horseleeches called Bloodsuckers, the 
Howlat is counted a soveraigne thing ,by a certain antipathie 
in nature : also whosoever carrie about them the bill of a 
Woodpecker or Hickway, shall never be annoied with any 
o£ the foresaid vermine. The smallest kind of Locusts 
likewise, which are without wings and be ealled Attelabi,. 
be adverse and contrarie unto them all.” (N.H. xxix, 4.) 
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u As for the daunger that commeth by drinking Horse- 
leaches, Butyr made of Cows milke, is a singular remedie, if 
it be taken with vinegre, heat with a gad of steele. The 
same alone without any other thing is a good countre- 
po} T son, for if oile be wanting, butter may serve the turn 
as well. M (N. H. xxviii, 10.) 

(Of Punies or Wall-lice.) u Other receits there be set 
down by our great masters in Physicke, as touching tliis 
foule vermine : but those which carie most modestie with 
them and liave greatest respect unto manhood and human- 
itie, are these ; nainely, to rub or annoint the plaee which is 
stung, with the said wall-lice and the bloud of a Tortoise 
togetlier : also to chase away serpents, with the smoake or 
perfume of them : likevvise, if any beast which hath 
swallowed down horse-leeches, doe take them in drinke, they 
will eitherkill tliem or drive them out, yea, and in what part 
soever tliey are settled and sticke fast, they will remoove 
them and make them to fall off/’ (N H. xxix, 4.) 

u Over and besides all which, there is not an hearbe 
gro\ving in the garden that is so much used for the curing 
of foure footed beasts, whether it bee that they be broken 
winded and pursive, or otherwise bitten and stung with 
venomous beasts ; in which cases, there must be an injection 
made up into the nosthrils, of the juice o£ Rue in wine. 
Also, i£ it chaunce tliat a beast hath swallowed an Horse- 
leech in drinking, let it be taken with vinegre.” (N. H. 
xx, 13.) 

u They (sc. elephants) ar^ mightily tormented with paine, 
if they chaunce in their drinking to swallow dovvn an 
horsleecli (wliich vvonne, I observe, they begin now to call, 
a bloudsucker) : for as soone as this horsleech hath settled 
fast in his wind-pipe, he putteth him to intollerable paines.” 
(N. H. viii, 10.) 

Of one kind of creature that hath no passage to void 
excrements . u There is a creature as foul and ill favoured as 
the rest, which hath evermore the head fast stieking within 
the skin of a beast, and so by sucking o£ bloud liveth, and 
swelleth withal. The only living creature of' all other that 
hath no way at all to rid excreinents out of the bodie ; by 
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reason wbereof, when it is too full, the skin doth cracke and 
bu,rst, and so his very food is cause o£ his own death. In 
Horses, Asses, and Mules, these doe never breed. In Kine 
and Oxen they be common: and othervvhiles in dogs, wha 
are pestered not onely with these tickes, but also with all 
other vermine abovenamed. And in Sheepe and Goats a 
man shall find none other but tickes. It is as strango 
a thing also to see, how tlie horseleeches vvhicli be nourished 
in standing wat.ers of fennes, are thirstv for blood. For 
these will thrust their whole liead into the flesh for to draw 
and sucke out blood.” (N. H. xi, 34.) 

“ A fomentation v/ith Oxycrat or vvater and vinegre i& 
singular good upon burns,” or reading post hirudines: u good 
after the sucking of Horseleeches.” (N. H. xxiii, 1. 
Here the readings vary. Some read Medetur post potas 
hirudines ; others Medetur potce hirudini ; others Medetur 
post uredines , without any reference at all to horseleeches.) 

Galen, who was born just before the middle of the 
2nd centurv A.D., speaks of leeches in his treatise De 
Hirudinihus , ch. 1, but the origin of this passage is clearly 
the same as that of the following one from Oribasius, which 
is a better and fuller account. Oribasius, who lived in the 
4th century A.D., has a chapter entitled Of Leeches. Talcen 
out of the works of Antyllus, out of his treatise Of Aids in 
Blood-letting , wliich runs as follows :— 

u Some go hunting for Leeches, and keep them closed up; 
and use the same ones many times ; for those which are 
fresh from exercise do readily fasten upon the flesh, whilst 
others sometimes do not feel at home. Now we must apply 
the former straight from their trial; but those which have 
but now been taken you must keep for one day, and give 
them a little blood for sustenance ; by that means the 
poison that is in them will be evaporated. Beforo you use 
them, let the part upon which they shall be set be rubbed 
over first with soap, and anointed with the blood of some 
animal, or with damp clay; or else let it be bathed, or 
scratched with the nails; the leeches will then cleave to it 
the more readily. You must put them into warm water in 
a clean roomy vessel, that they may move about and so rid 
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themselves o£ their poison; then catch them up in a sponge, 
and having wiped off the sticky substance frorn them, apply 
them with the hand. After they have all taken hold, we 
pour upon the place some warm oil, that it be not chilled. 
As touching tlie hands or the feet, put that part of the body 
into the water wherein are the leeches. Now, if there 
is still need for them to draw, after that they are entirely 
full, or if you have but £ew leeches, or else if but fe\v take 
hold, then, after they are full, their tails must be clipped 
with a pair of scissors ; for as tbe blood streams forth, they 
cease not to draw, until we sprinkle salt, or soda, or ashes, 
in their faces. When tliey are fallen off, if the place will 
bear a cupping-glass, we must applv it, and so draw ofE the 
poison: the glass must be firmly planted on the place, and 
quickly taken off. But if this may not be done, the 
part must be bathed with sponges, and if blood still ooze 
from the pricks, sprinkle upon them ineense, or cummin, or 
wheatflour, and then wrap around them some wool steeped 
in oil. But if it bleed abundantly, apply to it linen 
bandages, or cobwebs steeped in vinegar, or a burnt gall-nut, 
or a new sponge dipped in liquid pitch, and burnt; then 
apply a sheet of paper sodden with vinegar, and bind it on. 
All this we must do when the place is situated on the trunk 
of the body ; but for tlie free limbs it suffices to bandage it 
for to stay the blood. The bandage should be unbound d>he 
nextday, and i£ the blood bestaunched, wash the place; but 
i£ not, act as before. And here it must be noted, that 
the leeches do not draw the blood that is deep dovvn in the 
body ; they do but suck out that which is present in the 
flesh. We use them upon such persons as fear scarification; 
or upon those parts of the body which through their 
smallness or crookedness or unevenness do not admit the 
application of the cupping-glass. We pull them ofif when 
we reckon that one half of the blood has been drawn out, 
which we estimated to be requisite to be drawn ofif; and 
after that we allow the bleeding to continue, until enough 
be drawn off; and since the part of the body is chilled not 
only by the leeches (whicli are by nature cold) but also by 
the surrounding air, it must be kept warm; henee the flow 
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oE hlood may not be stayed by such things as chill the body, 
but by means of astringents and things that stop up the 
pores, as has been said/’ (vii, 21 ; tr. A. L. P.) 

Gralen himself has the £ollowing reference :— 

0£ Bugs (= Cimex lectularius). Some have written 

concerning Bugs, that if they be drunk with vinegar they 
expel leeches that chance to liave been swallowed. But for 
our part we have had. no need of leeclies, for we have 
expelled them through the eating of garlick. ,> (De Simpl. 
Med. fyc. xi, 43; tr. A. L. P.) 

Themison was probablv the first physician to use leeches, 
thougli they were knovvn to Hippocrates. Themison wasthe 
founder of the ancient medical sect o£ the Methodici, and was 
one of the most emiuent physicians of his time. He was a 
native of Laodicea in Syria, and a pupil o£ Asclepiades of 
Bithynia. Thus he lived in the lst century B.c. He had 
travelled a good deal, for he mentions Crete and Milan as an 
eye-witness. He wrote several medical works, but it is not 
known in what language he wrote. He is said to have been 
attacked with hydrophobia, and to have recovered. 

Caelius Aurelianus (fl. early otli cent. a.d.) attacks 
Themison for recommendino: a course which irritates the 

n 

body at a time o£ discomfort. “Themison in the first book 
of his Tardy Affections recommends the opening of veins. 
Ptirther, lie applies many leeches to the forehead and 
shoulders, and to the temples of the head; which thing is 
contrary to the discipline of the school 99 (sc. the Methodici). 
. . . (Morb. Chron . i, 1 ; tr. A. L. P.) 

A curious reference to leeches is to be found in the Canon 
of Avicenna. Avicenna (Abu ‘Ali al-Husain ibn ‘Abdallah 
ibn Slna), 980-1037, the Arabian philosopher, \vho was 
born at Afshena in the district o£ Bokhara, worked mostly 
in Bokhara, and there is evidence that he derived some- 
thing from Tndian medicine. It is said that the passage 
in which he refers to leeches is derived from the Sushruta 
Samhita. He writes, with reference to Blood-letting, thus:— 
“ The Indians have said, that the natureof certain Leeches 
is poisonous. Wherefore we must take care to avoid those 
Leeches which are of that sort that have great heads, whose 
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colour is antimony and black ; or whose colour is green ; or 
whicli have down upon tliem and are like Mezemeiz, and 
upon wliich tliere are threads ot’ azure colour ; and whose 
colour is like uuto that of a certain sort of serpents. For in 
all theso there is poison ; and there arise from them deep- 
seated abscesses and swoons and bloody fluxes and fever 
and languor and bad sores. Neither do thou take the 
leeclies from bad waters, wherein the slime of the bed is 
black and muddy and when it is stirred maketh the water 
turbid and filthy ; but choose those wbich are taken out of 
\vaters over which freckly growths come into being, and 
wherein frogs dwell. Neitlier do thou give lieed to what 
somesay, how that if tliey are in watçr wherein frogs dwell, 
they must be bad. Let their colour be like that of a thing 
wherein there is greenness, and let there be stretched over 
them two tlireads having the colour of orpiment ; or let 
tliem be red, and round, and of the colour of the liver. Also, 
those which are like unto small locusts, and wliich are like 
unto the tail of a mouse, and are extremely small with little 
heads—all these should be chosen. And none shouldst thou 
more readily choose than tliose which have red bellies 
and green backs, and especially if they be from running 
waters. Furthermore, the drawing of blood accomplished 
by leeches is deeper than that accomplished with the aid of 
cupping-glasses. 

“ Now betore the leeches be set upon the place, they must 
be collected for one day, and by squeezing be madeto vomit, 
until that whicli is in llieir bellies come fortli. If this can 
be done ; and if a little lamb's blood, or of some otlier animal 
be given them, that they may get sustenance thence before 
they be set on to the place ; then let them be taken up, and 
let their sliminess and filth be wiped off with a sponge or 
the like. Further, let the place whereon they must be 
set be washed with soap (soda), and reddened with rubbing; 
then when you are ready to set the leeches upon it, Jet them 
be put into some sweet water and cleansed, and then set on. 
To make them hang on of their own will, anoint the place 
with .... (text uncertain) . . or with blood. When the 
leeches shall be full, and you will loose their hold,dust them 
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over witli a little salt or ash or soap (soda) or burnt horse- 
hair, or linen, or burnt sponge, or burnt wool, and they will 
fall off. And it is better, after they be fallen off, that the 
place be drawn with a eupping-glass, and that a little of 
tbe blood o£ the place should be taken, for to remove the ill 
effect of their bite. If the blood be not staunched, let burnt 
gall-nuts, or chalk, or ash .... finely powdered, be placed 
upon it, or some other of those remedies which stauneh 
blood. These things must be ready to hand when any 
setteth leeches, and when t.hey begin to take hold. The 
applying of leeches bringeth relief to maladies subcutaneous, 
as scabhy eruptions (serpigo and impetigo), and the like. 5 ' 
( C-anon , lib. i. Fen 4 ; tr. A. L. P.) 

Finally, one may mention an inscription at Epidaurus. 

fC A man of Torone, who had swallowed leeches. In his 
sleep he saw a vision. He thought that the god cut open 
his chest with a knife and took out the leeches, which he 
gave him into his hands. Then he stitched up his chest 
again. At daybreak he departed cured, with the leeches in 
his hand. He had swallowed them bv his stepmother’s 
treachery, while drinking a mixture of honey and wine into 
which she had put them.” (C. I. GL iv. 951-2 ; tr. Mary 
Hamilton, Incubation.) 

I am greatly indebted to Mr. A. L. Peck, of Christ’s^ 
College, who practically compiled this section of my 
Historical Preface, 

It is curious that although the leech is, as Dr. Breul says r 
common in the old German language as well as in Celtic, 
from which it is believed to have been borrowed, there 
seem to be no mention of suckino; leeches either in German 
literature before the sixteenth century, although the adoption 
of leeches was certainly borrowed before 200 B.c. and were 
early adapted to Teutonic writings. 

In French literature Professor Prior tells me that leeches 
are mentioned as being commonly used in the Middle Ages. 
“ Here are two quotations, the first of which is I believe the 
earliest on record. It is taken from a glossary of the 12th 
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centur> r , and says 4 Irudo, inis, Sansue/ The second 
quotation comes from Edward the Confessor, and says 
* Qui l’or vermeil et l’argent blanc—cuveite cum sangsus 
sang.’ Finally, here is a quotation from the 14th century 
(H. de Mondeville) : 4 LTevacuation que est faite o ventouses, 
l’evacuation o sansues.’ Strange to say there seems to be no 
old French proverb bringing in the word.” 

In Anglo-Saxon tiines the word leech was used both for 
the blood-sucking Hirudo and for the medical man or 
pbysician. But the only certain occurrence of the word 
lsece for the animal is found in the glossaries, whicli wero 
primitive dictionaries including lists of more or less rare 
Latin words explained by commoner Latin words or by 
Anglo -Saxon words. There is no context, and all we can 
learn is that the word was known. One or two places are 
mentioned, such as laeces mere, i. e. the leech’s pond or 
mere ; and again to laeces forda, i.e. to the leech's ford, or 
again laeces ford, i. e. onto the leech’s ford. But it inay 
be, of course, that these localities were named after a local 
doctor, and not after the Hirudo. I have not been able to 
find uny reference to the animal leech in Day and Payne’s 
4 English Medicine in Anglo-Saxon Times 9 (Oxford, 1904). 
The book is unfortunately without an index. Anglo-Saxon 
literature is on the whole rather weak in Medicine, and tlie 
references to it as a science are comparatively rare. The 
word leech or doctor is very common, and occurs in all tho 
early Teutonic languages as \\ ell as in Celtic, from which it 
is believed to have been borrowed some century or two B.c. 
On the whole it looks as if theanimal got the name from the 
doctor and not the doctor from tlie animal. 

Hirudo medicinalis *, the medicinal leech, is found in 
stagnant waters throughout Europe and the western parts of 
Asia. It is rather commoner in the southern parts of Europe 
than in the north. It used to be common enough in England, 
where at one time, it was bred ; but already a hundred years 
ago its numbers were diminishing. 


Tke following paragraphs, sligbtly modified, are taken from‘The 
Minor Horrors of War,’ now out of print. 
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In a treatise on the Medicinal Leech, published by J. R. 
Johnson in the year 1816, he records:—“JFormerly this 
species \vas very abundant in our island ; but £rom their 
present scarcity, owing to their being more in request by 
medical men, and to the rapid .improvements which have 
o£ late years taken place in agriculture—particularly in the 
draining and cultivation o£ waste lands — we are obliged to 
receive a supply from the Continent, chiefly £rom Bordeaux 
and Lisbon. J> In his time he considered that for every 
native leech employed at least a hundred foreigners were 
used. 

The same scarcity was very apparent to the poet Words- 
wortli, whose insatiate curiosity is recorded in the following 
lines in 1802—Wordsworth wasalwaysaskingrather fatuous 
questions :— 

My question eagerly did I renew, 

“ How is it that you live, and \vhat is it you do ? ” 

He with a smile did then his words repeat: 

And said that, gathering leeches, far and wide 
Ile travelled j stirring thus ahout his feet 
The waters of the pools \vhere tliey abide. 

“ Once I could meet with them on every side; 

But they have dwindled long by slow decay; 

Yet still I persevere, and find them where I may.” 

In Central Europe, where the leech was once very abun- 
dant, it is now chiefly confined to the soutli and east ; and 
in Germany it is still found in the island of Borkum and in 
Thuringia. 

In 1842, leeches were occasionally found in the neighbour- 
■hood o£ Norwich, and there are villagers still living in 
Heacham in Norfolk who remember the artificial leech- 
ponds. In the middle of the last century the medicinal 
leeches “ of late years . . . have become searce/ 5 though 
they were still to be found *in Ireland. Apparently this 
species is now almost extinct in England, although I know 
•of a naturalist who can still find them in the New Forest, 
but he will not tell me where. I£ they were getting scarce 
in the beginning o£ the nineteenth century they are £ar 
scarcer now— for by November y 1914, there was no leech in 
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London —at least, there are only a dozen or two, and they,. 
like those oE the firm u Sawyer late Nockemorff” were 
second-hand, and I have lieard that there is a similar shortage 
in North America. And vet leeches are wanted by doctors ! 

Harding tells us that :— 

Hii'udo medicinalis is not the only leech which has been 
used iu phlebotomy. Hivudo troctina (Johnson, 1<516),. 
occurring in North Africa and in Southern Europe, where 
it is perhaps an introduced species, was largely imported at 
one time for medical uses. 

“ Several other species have been used for blood-letting in 
different countries. Limnatis (Poecilobdella) granidosa in- 
India, Liostumum ofjicinalis in Mexico, Hirudo nipponia in 
Japan (Whitman), and Macrobdella decora in the United 
States (Verrill), are or have been used in ^^16^0^0^^/’ 

u Our chief hope seems to lie in India.*’ These words I 
wrote in October 1914, and my hopes were justified. Owing 
to the energy of Dr. Annandale, of the Indian Museum, and 
the anxious care of the authorities of the P. & 0. Company, 
I was able to land, early in 1915, a consignment of many 
hundred Limnatis granulosa —in sound health, good spirits,. 
and obviously anxious to do their duty. 

Leeches are still used much more than the public are 
aware. One pharmaceutical chemist in the West End of 
London tells me he sells between one and two thousand a 
year ; and as they were bought wholesale at about one penny 
each and sold retail at about sixpence, there is some small 

Probably the traffic in leeches reached its height in the 
first half of the nineteenth century. Harding reminds us 
that in the year 1832 fCbrard records that 57,500,000 of 
these annelids were imported from France, and by this timo 
the artificial cultivation of leeches had become a very 
profitable industry. Although in a small way leeches may 
have been cultivated in special ponds in Great Britain, tho 
English never undertook the industry on a large scale. In 
Ireland the natives used to gather the leeches in Lough 
Mask, and other inland lakes, by sitting on the edge of the 
pool dangling their legs in the water until the leeches had 
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fastened on tliem. But tbe native supply was totally inade- 
quate, and the great majority o£ leeches used in this eountry 
were then imported. In 1842 Brightwell mentions a dealer 
in Norwich who alvvays kept a stock of 50,000 o£ these 
annelids in two large tanks. The traffic, as we have seen, 
was very considerable. 

The French leech-merchants recognized five clnsses, as 
£ollows :— 

1. Les filets ou petites Sangsues, qui ont de un a cinq 

ans ; 

2. Les petites movennes, qui ont de cinq a huit ans ; 

3. Les grosses moyennes, qui ont de huit a douze ans ; 

4. Les meres Sangsues ou les grosses, qui sont tout a 

fait adultes ; 

5. Les Sangsues vaches, dont la taille est enorme. 

They also recognised many colour-varieties, o£ which we 
need only mention the speckled, or German leech, “ Sangsues 
grises medicinales, 5, with a greenish-yellow ventral surface 
spotted with black, and the green Hungarian leecli with 
olive-green spotted ventral service. Both are merely colour- 
varieties o£ IJirudo medicinalis —a species which shows 
great variation in colour, and often forms colour-races when 
bred artificially. 

The varying sizes of the five categories mentioned above 
may be seen by the fact that one thousand of u les filets ” 
weigh from 325 to 500 grammes, one thousand o£ “ les petites 
moyennes ” weigh 500 to 700 grammes, and one thousand o£ 
the “ grosses moyennes ” weigh 700 to 1300 grammes, and 
•one thousand o£ the “ grosses ” 1300 to 2500 or even to 3000 
gratnmes ; whereas one thousand o£ “ les vaches 55 weigh 
up to 10 kilograms, and sometimes even more. To inerease 
their weight the dishonest dealer sometimes gave them a 
heavy meal just before selling thein. 

They were transported from place to place in casks half- 
filled with clay and vvater, or in stone vases £ull o£ wat,er. 
Sometimes they travelled in sacks of strong linen, or even 
of leather, and these had to be watered from time to time. 
Another mode o£ conveying them was to place them in 
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baskets full o£ moss or grass soaked in water, but care had 
io be taken lest they should escape. These baskets, again, 
could not be packed one upon another, or the leeches were 
crushed. In the old days each sack often weighed 20 to 25 
kilograms; and travelling thus, suspended in a kind of 
hammock, dans une voiture ou fourgon , ifrom Palota near 
Pesth, they reached Paris in from twelve to fifteen days. 

They generally travelled via Vienna to Strasburg, where 
twelve great reservoirs, appropriately placed near the hospital, 
received them, and here they rested for awliile. Others 
collected in Syria and Egypt came by ship to Trieste, whence 
they were sent to Bologna, to Milan, and to Turin, or by 
water to Marseilles. Marseilles also received directly by 
sea the leeches from Levant and Africa and expedited them 
to Montpellier, Toulouse, and many another town in the 
south. 

The best time of the year for their journey was found to 
be the spring and autumn. They were tnore difficult to 
manage in the summer, and they were all the better for 
having a rest every now and then, as they used to do at 
Strusburg. There were times when consignments of from 
60,000 to 80,000 a day used to leave Strasburg for Paris. 
In 1806 a thousand leeches in France fetched 12 to 15 
francs ; but in 1821 the price had risen to 150 to 200 and 
even 283 francs. In the latter year they were retailed at 
20 to 50 for 4 to 10 sous. 

In France, however, as in England, the artificial cultivation 
of leeches is for the most part diminishing, though half 
a century ago leech-farms were common in Finistere and in 
tlie marshes in the neighbourhood of Nantes. There were 
some years when, if the season was favourable, the peasants 
carried to market 60,000 a day. Spain and Portugal also 
furnished leeches for a long time ; but by the middle of 
last century the Peninsula had become almost depleted. 
But some leeches were still at that period being received 
from Tuscany and Piedmont. Perhaps the richest fields 
which still exist are the marshy regions of Hungary. 

There is no doubt that the medicinal leech is one of the 
most beautiful of animals. Many of its cousins are uniform 
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and dull in colour—“ self-coloured ” as the drapers would 
call them ; but the coloration o£ the medicinal leech could 
not be improved upon. It is a delicious harmony o£ reddish- 
browns and greens and blacks and yellows, a beautiful 
so£t symphony o£ velvety orange and olive and black, tho 
markings being repeated on eacli segment, but not to the 
extent of a tedious repefcition. So beautiful are they that 
the fastidious ladies who adorned the salons at fche height of 
the leech-mania, during the begirining o£ the nineteenth 
century, used to deck their dresses with embroidered leeches^ 
and by repeating the design one after the other, constructed 
a chain o£ leeches which, as a ribbon, was inserted around 
the confines o£ their vesture. 


Christ’s College Lodge, 
Cambridge. 
December, 1926. 


A. E. SHIPLEY. 



EXPLANATION OF PLATES. 


Tlie originals o£ the coloured figures o£ PJates III-V were 
painted froin living speciinens by Mr. A. Chowdhary aud other 
artists at the Indian Museuin, except as noted, and copied for this 
work by Miss Helen Winchester. While doubtless representing 
the colours correctly, tliey have no value for annulation or other 
features of external inorphology. The photographs (Plates VI- 
IX.) should be examined with a reading-glass to bring out details 
not otherwise evident. 


PLATE I. 

Diagrame of typical complete somites of representative genera of leecbes (as 
named on the plate) having from lwo to fourteen annuli. This is 
not an evolutionary seriee, and within the limits of the genera 
illustrated other conditions may occur. The nonual poaition of 
the nerve-ganglion is indicated. Dorsal metameric sensillse, and in 
the genera of Erpobdellidai, non-metameric sense-organs as well, 
appear as sniall circles, ventral seneillse aB solid dots. Large circles 
on Pontobdella represent cutaneous warts. Small funnels indicate 
the nephropores. Synibols representing the annuli appear at the 
right, and furnish a key to the homologous parts. 


PLATE II. 

Indian Bhynchobdella;. 

Fig. 1. Hemiolepsis marginata, subsp. marginata (O. F. Miiller), 1774. An 
individual gorged with blood, hanging by its posterior sucker. X 14. 

Fig. 2. The same. Dorsal view of anterior part of the body. X 14. 

Fig. 3. Pontobdella loricata, Harding, 1924, From a specimen preserved in 
alcohol, life eize, 


C 



XXXIV 


EXPLANATION OF PLATES. 


Fig. 4. Ozobranchus shipleyi, Harding, 1909. A dark-coloured example in 
contraction. X 2. 

Fig. 5. Ozobranchus shipleyi. A patcli of eggs embedded in chitinous cement, 
stripped from the plastron of the tortoise, Kachuga intermedia , 
viewed by transmitted light as a transparency. X 7. 

Fig. 6. Ozobranchus shipleyi. Dorsal view of a young individual, fully 
extended. X 3. 

Fig. 7. Placobdella fulva , Harding, 1924. Dorsal aspect. x 3. 

Fig. 8. PontobdeUa (subgen. Pontobdellina) maci'othela , Schmarda, 1861. 

Doraal aspect of somites XIX and XX, showing the disposition of 
the tubercles. X 5. 

Fig. 9. Helobdella nociva , Harding, 1924. Dorsal aspect. X 8. 

Fig. 10. Glossiphonia tveberi, R. Blanchard, 1897. Dorsal aspect. X 8. 

Fig. 11. Paraclepsis pradatrix, Harding, 1924. Dorsal aspect. X 5. 

Fig. 12. Paraclepsis prcedatrix . Dorsal aspect of another individual of a 
different colour. X 5. 

N.B.—Figs. 1,2, 4-6, and 9-12 are by A. C. Chowdbary, of the Indian Museum, 
and figs. 3 and 8 by the late W f West, of Cambridge. 

PLATE III. 

INDIAN AEHrNCHOBDELL^. 

Fig. 1. Hirudinaria javanica (Wahlberg). Dorsal and ventral aspects. 

Naturalsize. From drawing by Dr. C. P. Sluiter, of living leeches 
at Batavia, Java. 

Fig. 2. Hirudinaria manillensis (Lesson). Dorsal and ventral aspects. 

NaturaJ size. Specimen taken near Calcutta. 

Fig. 3. Herpobdelloidea indica (JTaburaki). Egg-capsnle formed by a specimen 
taken at Kalka (Sirala Hills). X 4. 

PLATE IY 

Fig. 4, Dinobdella ferox (Blanchard). Dorsura. Natural size. Drawn at 
the Indian Museum from a living specimen taken at Ahmadabad. 
(See footnote, p. 178.) 

Fig. 5. Hirudinaria gramclosa ( Savigny). Dorsum and venter* Natural size. 
Muttra, TJnit. Prov. 

Fig. 6. Hcemadipsa zeylanica agilis Moore. Dorsal, ventral and lateraj 
aspects of a specimen fropri Almora, X 2. 
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PLATE Y. 

Fig. 7. Heemadipsa, zeylanica (Moquiu - Tandon), Dorsum and venter. 

X ca. 2J. From sketoli made in Oeylon by 0. O. Whitman. 

Fig. 8. Hamadipsa zeylanica montivindicis Moore. Dorsal, ventral and 
lateral aspects. X 3. Kurseong, Darjeeling. 

Fig. 0. Hamadipsa sylvestris Blanohard. Dorsal, lateral and ventral 
ospects. Natural size. Near Calcutta. 

Fig. 10. Hamadipsa sylvestris Blanchard. Dorsal view of a small uniformly 
ooloured specimen. X 4. Near Calcutta. 

Fig. 11. Hamadipsa ornata Moore. Dorsal, ventral and lateral aspects of 
type, from Darjeeling. Natural size. 

PLATE VI. 

Fig. 12. Erpobdella octoculata (LinnsBUs). Dorsum of two exaniples from 
Srinagar. x 2. 

Fig. 13. Herpobdelloidea lateroculata Xaburaki. Dorsum of four specimens 
of type lot. x 2. 

Fig. 14. Sauie. Yenter. 

Fig. 15. Herpobdelloidea indica (Kaburaki). Dorsal view of a specimen from 
Simla Hills. X 2. 

Fig. 16. Same. Ventral view of three, showing dififerent conditions of the 
male gonopore. X 2. A spermatophore shows on the one to the 
right. 

Fig. 17. Foraminobdella heptamerata Kaburaki. Dorsum of type, showing 
gastrio orifice, go. X 3. 

Fig. 18. Whitmania lcevis (Baird). Dorsal view of dissection of Thanga Island 
specimen, showing digestive tract and part of organs of reproduction. 
X Same specimen as shown in text-figure 11. 

PLATE VII. 

Fig. 19. Myxobdella annandalei Oka. Dorsal aspectof specimen from Dawna 
Hills, L. Burma. x ca. 1J. 

Fig. 20. Same, from venter. 

Fig. 21. Whitmania lcevis (Baird). Dorsal aspect of Pagla Nadi specitnen. 

X 1. 

Fig. 22. Same. Yentral aspect of Pagla Nadi and Thanga Island specimens. 
X 1. 

Fig. 23. Dinobdella ferox (Blanchard). Ventral aspect of parasitic individual 
from Naga Hills. x 1. 

Fig. 24. Same. Dorsal view of dissected einpty digestive tract of a free-living 
individual from Ceylon. X 1. 



xxxvi 


EXH/ANATION OF FLATES. 


PLATE VIII. 

Fig. 25. Hirudo asiatica (Blauchard). Borsai view of partly dissected digestive 
tracfc ancl reproductive organs of a specimen from Cawnpore, 
Unit. Prov. X 2J. 

Fig. 26. Rh'udo birmanica (Blanchard). Dorsal view of fcwo small examples 
to sbow colour-pattern. X 2. 

Fig. 27. Limnatis paluda (Tennent). Ventral aspecfc of a partly macerafced 
specimen from Baluchistan. x 2. 

Fig. 28. Same. Dissecfcion of a stomach fiiled wifch blood fco show form of 
distended caeca. X 2. 

Fig. 29. Hirudinaria javanica (Wahlberg). Dorsal aspecfc of a specimen 
from Ohinese frontier of Burma. X 2. 

Fig. 30. Same. Ventral aspecfc. X 2. 

Fig. 31. Hirudinaria viridis Moore. Dorsal aspecfc of a specimen from 
unknown locality. X 1. 

Fig. 32. Same. Ventral aspect. X 2. 

Fig. 33. Same. Two specimens from Travaneore to show change in colour- 
pattern. X 1£. 

Fig. 34. Dinobdella notata Moore. Dorsal and ventral views of type from Palni 
Hills. x 2. 

Fig. 35. Same. Partial dissection of reproducfcive organs of co-type, from 
dorsum. X 2£. 


PLATE IX. 

Fig. 36. Hcemadipsa zeylanica cochiniana Moore. Seven specimens frorn 
Kavalai in various positions to show colour-pattern and prehensile 
papilla. X 3. 

Fig. 37. Hcemadipsa zeylanica montivindicis Moore. Three egg-capsules from 
Pashok. X 3. 

Fig. 38. Hcemadipsa montaiia Moore. Three unfed specimens from Gantok in 
dorsal, venfcral and lateral aspects. X 2. 

Fig. 39. Same. A gorged individual from same lot and of same size. 
X nearly 2. 

Fig. 40. Same. Dissection of a specimen from Gantok. x 2£. The empfcy 
sfcomach is turned fco fche left, oxposing the large, crowded testes, of 
\vhioh ten pairs are shown ; the vaginal ca*cum is drawn to tbe left 
and the right epididymis to the right side. 

Fig. 41. Hcemadipsa sylvestris Blanchard. Dorsal and ventral aspects of 
specimens fcaken near Calcutta on Jan. 5fch. X 2. 

Fig. 42. Hcemadipsa ornaia Moore. Lateral view of type. x ca. 2. 
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HIRUDINEA. 


THE SEGMENTATION (METAMERISM AND ANNULATION) 

OF THE HIRUDINEA. 

BY 

J. PERCY MOORE, 

Univebsity of Pennsylyania, U.S.A, 


A notbwobthy characteristic of leeches is the numericai 
constancy of their constituent segments, somites, or metameres, 
as they have been variously named. The first complete demon- 
stration of this fact, as well as the recognition of its great 
importance in leech morphology, we owe to Whitman (’86, ’92), 
whose work will long remain the standard of perfection for this 
group. Exactly thirty-four of these somites occur in all leechea 
that have been carefully studied, and there is no increase in 
number with age. They are designated by the Roman numerals 
I to XXXIV, and are grouped into five or six, more or less well- 
marked, regions: the head, or cephalic region, of somites I to VI, 
the pre-clitellar region of somites VII to IX (in the Ichthyobdel- 
lidm often united wit-h the genital and together commonly 
designated as the neck), the middle-body region of somites X to 
XXIV, further subdivided inro the clitellar or genital region 
(somites X to XIII) and the post-clitellar region (somites XIV 
to XXIV), the anal region of somites XXV to XXVII, and the 
caudal region, or sucker, of somites XXVIII to XXXIV. 

While the degree of differentiation of these regions differs 
considerably in the several families and even the genera of leeches, 
they are fairly natural morphological and physiologieal integra- 
tions, characterized by both internal and external features. 
Inasmuch as these distinctions are based largely upon modifica- 
tious ©f the morphological unit, the somite, the characteristies of 
this unit must be considered first. 
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As has been so beautifully proven by Whitnmn (’86, ’92), 
Apathy (’SS), Livanow (’03, ‘04), et al , the segments of a leeeh's 
body are true metaineres, homotlynamous throughout, and quite 
oquivalent to those of Oligochaeta and Polychseta. Except at the 
extreme ends of the body, where they are much modified to form 
specialized apical and terminal organs, each somite includes, as in 
the chaetopods, a typical segment of each of the organ systems 
across which it cuts or which passes through it. We recognize, 
therefore, as constituting a somite, a complete segraent of the 
nervous system or neuroniere, a musde segraent or myomere, a 
segment çf the body-cavity or ccelomere, of the mesenchymatous 
connectiye tissue or scleromere, of the true circulatory system or 
vascomere, of the reproductive organs or gonomere, of the organs 
of excretion or nephromere (tbe last six collectively constituting a 
mesomere), of the outer integuments and their pvoducts or 
ectomere, and of the digestive s} r stem or endomere. Except for 
certain shiftings that it would be out of place to discuss here, all 
of these parts are in substantial aligmnent. 

This has not always been recognized : neither the true nature 
of the somites nor the alignment of the segments of the several 
organ systems. Even in some recent text-books of zooloey the 
statement remains that the inner and outer segmentation of the 
leeches do not agree. While in a few cases this clearly refers to 
the older view of lack of agreement between external metamerism 
and internal metamerism, it generally means only that the external 
rings are more numerous than the somites, But the latter is 
equally true of most Oligochaeta añd Polychañta, the somites ot' 
which are almost always annulated. The difference lies mainly in 
the loss of parapodia and setsD in the leeches, with the consequent 
eqjialization of the rings and a masking of the somite limits. 

Doubtless the earlier point of view minimizing the importance 
of the metamerism of leeches was largely influenced by the wide- 
spread belief in their platyhehninthine affinities. This in turn 
was based upon their superficial resemblance to ectoparasitic tre- 
matodes in the development of organs essential to the parasitic 
mode of life and in the suppression of a spacious body-cavity by 
the encroachments of a highly-developed muscular system and of 
parenchymatous connective tissue. 

Although the great Erench naturalist Lamarck recognized the 
annelidan affinities of the leeches as long ago as the first decade of 
the nineteenth century, this vievv made progress slowly, and even 
after its wide acceptance the external annulation of leeches was 
looked upon as a purely integumental feature without close relation 
to the internal organization. It is true that several earlier 
writers on tbe medicinal leech referred to the repetition of certain 
external organs at intervals of five rings, but Gratiolet (1862) 
appears to have been the first to recognize a regular external 
metamerism in vvhich each somite (zonite) embraces a certain 
•definite number of annuli. The limits of these he determined by 
the repetition of the nephridial openings, colour-markings, and 
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■especially of certain \vhite or diaphanous spots no\v known as 
«ensillas, which he considered as distinguishing the ñrst annulus 
of each somite. It remained, however, for Whitman (’92, ’Sñ) to 
give precision to these determinations, and to analyze the external 
morphology of the leeches to its logical completeness. Upon this 
analysis he based a method ot' diaguosing the genera and species 
that has served as tlie model for all subsequent systeraatic vvork 
on the group. 

Very curiously, Whitman and his follovvers aceepted G-ratiolet’s 
determination of the somite limits, apparently overlooking the 
very obvious and serious difficulties to vvhich it leads in putting 
out of alignment the organ-systems. It especialiy throws into 
serious conflict the external metamerism of the annuli and the 
internal metamerism ol’ the nervous system. 

A new determination of the somite limits was therefore made in 
1900 by Castle and Moore simultaneously and independently and 
on diflerent material. This sets the anterior limit of the five- 
ringed somite two annuli farther forward than ^hitman’s metbod, 
and makes the annulus bearing the sensillse or segmental sense- 
organs externally and the nerve ganglion internally the middle 
ring of the somite and not the first, as had been held previously. 
This has the iinportant advantage of consistent agreement in the 
segmentation of the several organ-systems, and especially of the 
external metamerism and the iuternal neuramerisrn. The distri- 
bution of the segmental nerves corresponds exaet.ly with that of 
the sen8e-organ8 and external somites throughout the body, and 
lmrmonize8 vvith a great mass of anatomical and embryological 
facts, rnan v of them of great interest- to systematic workers. The 
disharmonies, on the other hand, are relatively few and readily 
•explained. The details of the evidence, however, cannot be 
entered into here. This neuromeric standard of segmentation 
was verv fully confirmed by Livanow (’03), and is now generally 
accepted. 

The somites find their fullest expression and greatest elaboration 
(hence designated as complote somites) in the middle-body region 
(clitellum and post-clitellum). Externally they are divided by 
shallow iutegumental furrovvs into froin two to fourteen annuli, 
the number being more or less characteristic of particular genera 
or higher groups. Thus the several genera of the IchthyobdellicIaB 
•cover the entire range; the GrlossiphonidaB very generally have 
triannulate, but may have biarmulate or incipiently quinquannu- 
late somites; the Hirudidae usuaily have five-ringed somites, but 
rarely they may be three, four, six or seven-ringed; the Erpobdel- 
lidaa also are commouly five-ringed, but may have six, seven, eight 
or more rings. The number of annuli into which a complefce 
somite is divided is not a haphazard inatter, but follows an 
orderly sequence. 

While it has not been possible to determine with certainty in 
just which stage of elaboration of the somite the Hirudinea arose 
from the Oligochaeta, the vveight of the evidenee and the concensus 
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of opinion favours the triannulate somite as priniary. This is 
indicated by its wide prevalence in both the Hirudinea and the 
ChaBtopoda, and by the triad character of the central neuromeres 
and the peripheral nerves and nerve-rings. In the Polychaeta the 
principal annulus bears the parapodia, but smaller propodal and 
postpodal annuli are commonly difFerentiated, though subordinated 
to the somite. Iu many Oligocliseta a middle annulus bears the 
setae, and a presetal annulus, on \vhich the nephropores open, and 
a postsetal annulus are usually easily recognizable. Substituting 
the sensillae for the setse, an exactly similar topography obtains in 
the Hirudinea. The sensory or neural annulus of the leeches is 
homologous with tbe setigerous annulus of the earthworms, and 
the nephridia open near the caudal margin of the presensory 
annulus, or its equivalent, of both. 

Hevertheless, in the ontogenetic development of the leech 
somite uniannulate and biannulate stages precede and give rise to 
the triannulate stage. Not only is this true, but the biannulate 
condition in which the sensory apd presensory regions are united 
into a larger anterior annulus, is charaeteristic of the complete 
somites of Oligobdella (Torixt) among the Glossiphonidue and of 
Ozobranchus among the Ichthyobdellidae. In the young of nearlv 
all leeches and the adults of many under favourable conditions of 
preservation and contraction, the relative size and grouping of the 
annuli and the relative depth of the interannular furrows is ex- 
pressive of the influence of biannulation. Also, biannulate 
somites are found at both ends of all leeches. Illustrations of this 
will appear under the specific descriptions. 

However, even should the primitive leech ultimatelv be proven 
to have been uniannulate or biannulate, the triannulate somite 
has a far wider prevalence in existing leeches, and for descriptive 
purposes it is more convenient to adopt it as basie. Extensive 
comparison of somites with more than three annuli shows clearly 
that they are derived from the triannulate condition by growth 
and subdivision of one or more of the three primary annuli. The 
quinquannulate somite is formed by t)ie subdivision of the first 
and third, the sexannulate usually by the tertiary subdivision of 
the last or fifth secondary annulus, but in certain Ichthvobdellidse 
by the binary division of all three- primary annuli. The septan- 
nulate and higher multiples also may exhibit more than one 
possibility, each characteristic of different genera but reached only 
through further binary division of annuli of lower orders. In 
this process of annular elaboration the middle primary or sensory 
annulus is generally more conservative, and becomes less sub- 
divided than either of the others. Thus in the five-ringed somite- 
it remains quite undivided, and in the fourteen-ringed somite of 
Piscicola it stops with four tertiary annuli, whereas each of the 
other primary annuli has developed two, or the post-sensory 
annulus four, quaternary annuli. Increase in the number of annuli 
shovvs some correlation vvith increased flexibility and possibly with 
capacity for extension, which again is correlated with the mode of 
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iife. It is a deviee for lengthening the body imposed by the 
iixity in the number of somites. 

Turning from the middle-body region to the ends, we find apro- 
gressive simplifieation of the somite (fig. 1), the number of annuli 
passing successively through a four-,three- and tvvo-to a one-ringed 
stage, a process which Whitman described as centrifugal reduction 
or abbreviation. Or if it be considered that the process of elabora- 
tion tirst appeared and proceeded farthest in the middle region 
and thence spread with diminishing effect towards the ends, then 
the latter would be more primitive and retarded and the process 
more properly described as ceutripetal elaboration. Whateverour 
theoretical preference, the full series of stages from the uniannulate 
apical somites to the complete middle somites exactly parallels the 
steps in the ontogentic development of the somite. Furthermore, 
each place in this series frotn the biannulate stage onward is 
represented in the permaneut complete somite of particular 
genera. 

The exact position of the segmental sensilke on the middle zone 
of the somite serves as an indicator and a measure of the growth 
process, and shovvs whether an annulus has arisen or is arising on 
the cephalic or the caudal end of a somite. A further test is found 
iu the frequent arrangement of the nou-segmental sense-organs in 
a transverse zone on each annulus, inasmucli as this zone often 
will exhibit more or less complete division into two zones before 
even an incipient furrow can be detected. Localized deposits of 
pigment also demonstrate the constancy and definiteness of these 
annular coustituents of somites. Iu many species in which meta- 
meric pigment spots are limited to particular annuli of complete 
soiuites, they may be identified on incomplete somites as restricted 
with the greatest precision to the corresponding region, even 
though no furrow may be developed to cut off the annulus to 
which they belong from the more comprehensive annulus in wliich 
they are included. 

As annuli arise and develop, the furrovvs delimiting them are at 
first very shallow and incoinplete. TJsually they appear first in 
the middle dorsal field, from whicli they extend laterally and 
around the sides to the venter, finally meeting and completing the 
furrow, which becomes progressively deeper as the annulus grows 
to full size. Earely such furrows may be best developed on or 
even restricted to the venter. This oecurs most frequently in the 
anal region, vvhere also furrows may be deeper on or even confined 
to the margins, and very shallow or totally absent in the mid- 
dorsal and mid-ventral fields. 

Exhaustive study of many genera and species of leeches demon- 
strates that the order of development of annuli, both jn the 
ontogony and iu the raorphology of successive homodynamous 
somites, of any grown leech, is very regular and constant. 
Beginning with a uniannulate somite, the post-sensory region first 
grows in length so that the sensillae lie nearer to the cephalic 
border. A furrow then appears caudad of the zone of sensill», 
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Fig 1.—Diagram of external metamerism and annulation of a typical ten-eyed 
leech (Hirudidae), slightly modified froin a drawing by W. A. Harding 
based upon Hirudinaria ( PoecUubdeila) gramilosa (Sayigny). Metamerism 
indicated ontbe left side by Roraan numerals, annulation on tbe right side, 
in the serial notation'by Arabic, aud in the genetic notation by Italie 
characters. Eyes, metameric sensill®, nephropores, gonopores anc 1 anus 
are also indicated. 
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and, when completed, splits off a post-sensory annulus o£ a now 
biaunulate sornite. The cephalic annulus is the larger, and fre- 
quently bears tlie sensillss nearer to its caudal margin. The more 
active growth process is now transferred to the pre-sensory region r 
a new furrow appears cephalad of the sensillas and leads to the 
separation of the pre-sensory annulus of a triannulate somite. All 
three annuli oontinue to grow, but the post-sensory most rapidly, 
aud if the leech is to develop beyond the triannulate stage, it is 
soon divided into two secondary annuli, thus completiug the 
quadranuulate stage. This is converted into the quinquaunulate 
soinite by a similar division of the pre-sensory annulus. 

Until an advaneed stage in ontogeny, or until the middle body 
region ot' a grown leech is reached, the post-sensory portion of the 
somite leads in development the pre-sensory part. This condition 
mav be reversed on certain of the incomplete somites at the caudal 
end of the body, in which the cephalic part of the somifce may be 
the more elaborated or the caudal part the more simplified. In 
immature examples of most species, under favourable conditions 
of preservation of the adults of many species, and under all cou- 
ditions of some species (most notablv Myxobdella, Oka, 1917), the 
relative ajje of the several annuli may be traced in the differing 
depths ot’ the furrows separating them, these furrows being more 
8hallow in the exact order of their formation as described above. 
Great caution in interpreting these appearances is, however, 
necessary, as furrow depths are affected by many conditions. 

In the head or c *phalic region of a typical quinquannulate leech 
(tig. 1) the preocular and first two ocular somites (I-III) are usually 
uniauuulate, sometimes (especially III) vvith a very faint furrow 
effecfciug incipient biannulation. These three constitute the pre- 
hensile portion of the cephalie sucker, and together with part of 
IV, are coinmonly designated the upper lip. In reality they 
comprise the dorsul halves only of the somites, as is indicated by 
the absence of the ventral sensilke and nerve branches. Somites 
IV and V are usually biannulate, or the iatter partially triannulate, 
and they enter into the posterior rim of the cephalic sucker, 
forming the buccal ring. VI is commonly fully triannulate, but 
the first and second annuli frequently coaiesce ventrally to form 
the post-buccal ring. In the ten-eyed leeches this is the last 
oculiferous somite aud completes the head-regiou, which receives 
its nerve supply from the cephalic ganglionic aggregation of six 
neuromeres. In the fcriannulate Glossiphonidas, VI (sometimes V) 
marks the heginning of the series of complete somites. 

The next three somites (VII, VIII and IX) coustitute the pre- 
clitellum or transifcion region betvveen the much reduced somites 
of the head and the eomplete somites of the mid-body region. 
Usually VII is triannulate, VIII quadrannulate through the 
division of the post-sensory annulus into two, and IX is quin- 
quannulate, but the pre-sensorv annuli are seldom of full size, and 
the separating furrow is more shallow than the corresponding 
post-sensory one. This region receives its nerve supply from the 
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three distinct but not widely-separated ganglia of the ventral cord. 
It is peculiarly variable in the differeut genera. 

With X generally begin the t'ully complete somites in leeches 
having five or more annuli, and they usually continue to XXII or 
XXIII or XXIV But XXIV commonly exhibits post-sensory 
reduction or incompleteness, which in the true laud leeches leads 
to the entire suppression ot this part. The ganglia of this region 
are regularly and widely spaced and lie in the middle or second 
primary annulus. 

Somites XXV, XXVI and XXVII of the anal region are in- 
variably more or less incomplete, the first being most frequently 
triannulate, but often biannulate, the second usually biannulate, 
and the last, which (except in a faw cases) bounds or includes the 
anus, is biannulate or uniannulate. In the true land leeches all 
three are uniannulate. The position of the sensill® is ot* especial 
importance in this region in indicating the composition of the 
somites. As in the corresponding preclitellar transition region at 
the cephalic end, the ganglia are approximated but not aggregated 
into a mass. 

The remaining seven somitee, XXVIII to XXXIV, are quite 
simple and uniannulate and, indeed, so completely coalesced that 
the intersegmental furrows are suppressed. The location of the 
somites is indicated by their sensillae, the full seven circles of 
whicb can be counted only in a few favourable genera, and even 
in these irregularities are usual. The segments of the caudal 
sucker differ from those of the cephalic sucker in being composed 
of both dorsal and ventral halves strung together, like so many 
disks or rings, on an axis and, therefore, all parallel with the rim 
of the sucker, which is formed of the last somite alone. The 
zonary arrangement of both dorsal and ventral sensillge confirms 
this. In this construction it differs greatly from the oral sucker, 
the annuli of which (anterior to the buccal ring) cut the margin 
perpendicularly. See, however, the remarks in the systematic part 
on t-he ventral sucker ribs of Hcemadvpsa. Corresponding to the 
concentration of the somites of this region the seven neuromeres 
are aggregated into a compact mass, which is made up of the typical 
ganglionic elements and nerve-trunks. 

It is of mterest to note how perfectly balanced are the two 
ends of the body, the five regions consisting of six, three, fifteen, 
three and seven somites respectively. From this description it 
will be seen that the morphology of a ieech’s body does not con- 
form to a regular metabolic axial gradient system frorn end to end, 
but that the region of greatesb growth elaboration is in the middle, 
and from this diminishes gradually both ways. I'urthermore, 
each somite represents a somewhat independent centre of growth 
activity which follows a definite principle. This is, that the 
middle or sensory annuius is the raost conservative and backward 
in development, and the end annuli the most active and advanced. 
Also the end of the somite directed toward the centre of the body 
usually progresses farther than the distal end. There are even 
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evidences that each of the annuli of the triannulate somite has 
acquired a moderate autonoiny. 

To designate the annuli into which complete somites may be 
divided, t-he followiug theoretical system of notation has been 
adopted and used by the writer on the assumption that each 
annulus may grow and undergo binary division, and these pro- 
ducts in turn similarly grow and subdivide, as explained above. 
Beginning with tbe triannulate somite as primary, three successive 
subdivisious may take place, resulting in secondary, tertiary and 
quaternary anuuli. No leech is known to have developed annuli 
beyond the fourth order, though there is no apparent reason why 
this may not occur. The four orders are indicated by the symbols 
a, 6, c and d respectively, and the annuli in each order are num- 
bered in the cephalo-caudal direction, as shown in tbe following 
table. 


Theoretical Table of Anxuli of Each Order. 


Primary. 


a 1 


a 2 


a 3 


Secondary. 


Tertiary. 
c 1 .... 


61 


6 2 


t 


c 2 

c 3 

c 4 


Quaternary. 


{ 

{ 

{ 

{ 


dl 
d 2 

d 3 
d 4 

d 5 
d6 

dl 
d 8 



" 65 



C 5 . - 

f d 9 
d 10 

c 6 .-J 

r d ii 

d 12 

c7 .• 

r d 13 
[ d 14 

c 8 .- 

r d 15 
L d 16 

c9 . <j 

1> 00 
i—11—i 

^ 

c 10 . «1 

r d 19 
d 20 

1 

cll .J 

r d 21 

d 22 


cl2 .-j 

r d 23 
L d 24 
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a,2 is the priinary sensory or neural annulus, the centre of 
balance of the somite, and the least subject to modification of the 
three primary annuli. A fevv Ichthyobdellidoe are known in 
which all ot the six secondary annuli are equaily developed, and 
a fevv in which all of the twelve terfciary annuli appear. Ño leech 
is known in vvhich more than a few of the quaternary annuli are 
developed, and these are almost invariably in rhe post-sensory (a 3) 
region. A few diagrams (Pl. I.) will mal;e clear the application 
of the sysfcem to the complete somites of typical geuera. 

Here \ve ha.ve examples ot' complete soinites composed of 2, 3 y 
4, 5, 6, 7, 8, 9, 12 and 14 annuli, and there are many others 
exhibiting transitions between these. Each of these may be ex- 
pressed by an easily comprehended formula embracing the symbols 
of all of its developed annuli. Thus the complete somite of 
Olossiphonia is expressed as a\ +a24-«3 or a 1—3, of Hirudo 
and raost other typical quinquannulate genera as b\ + b'2-\-a2 
4-65-f-6 6, ot Tvachelobdella as bl+b2 + b3 + b4: + b 5 + b 6 or 
61—6, of Trochoeta as c l+c2+b2+a2 + b5 + d21 + d22 + cl2 r 
of Piscicola as c 1—8 4-dl7 —184' c 9—104-^23—24. 

Inasmuch as the differentiation of annuli takes place by the 
gradual development of furrows both in depth and extent, it is 
obvious that interpretations by different students, or even by the 
same student at different times, vvill differ. The somite of Dina r 
for example, has been described by one as 5-annulate and by 
another as 6-annulate. This difficulty exists, of course, with any 
system or with no system of terminology, and much of the 
existing uncertainty regarding the status of species has arisen 
from this cause. Eor my ovvn guidance in preparing descriptions, 
I have adopted and endeavoured to apply as accurately as possible 
the following rule. Whenever the furrovv separating tvvo annuli 
has become at least one-half as deep as the neighbouring furrovvs, 
and when it has extended at leasfc across the entire dorsal half or 
ventral half of the circumference, the annuli are considered to be 
differentiafced and worthy of being designated by their specific 
symbols. If the furrow is less developed than this, the annuli are 
regarded as being still in the incipient stage, and are designated 
either by the symbol of the inclusive aunulus with the appropriate 
descriptive remarks, or by what is often better, the symbols of the 
incipient annuli enclosed by parentheses; thus the enlarged fifth 
annuius of Dina is expressed as (cll4-cl2). 

This terminology may be applied equally well to annuli of any 
degree of incompleteness. Thus somite VIII of many quin- 
quannulate leeches is quadrannulate, but the pre-sensory primary 
annulus shows a verv faint or partial furrow, and consequently is 
expressed as (6 14-62). Frequently no furrow at all is discernible, 
but the undivided annulus is distinctly longer than its neighbours 
of the same order. In such cases it may nevertheless be desirable 
to express the latency of the annuli by the formula with the 
4- sign omitted, thus, (616 2). This is especially desirable in the 
case of biannulate somites occurring in the cephalic and anal 
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regions of nearly all leeches and tkrougliout the bodv of Oligobdella 
as the complete somites. These have the formula (a 1 a2) + a3 t 
or, if better developed, (a 1 +a 2) 4-« 3. The relative sizes or the 
exact ratios of tlie length of difFerent aunuli compared may be^ 
expressed in tlie formulse by adding the appropriate mathematicai 
symbols: =, >, < or the numerical quantities: thus, VII al< 
VII a3 or VII a 1=2/3 VII a3. The same system is used to 
designale furrows also by writing the symbols of the boundiug 
annuli in fractional form separated by a line: e,g ., al/a2, and 
their relative depth may be expressed by using the mathematical 
signs or quantities: tluis, VII b 5/6 6 < VIII 61/6 2 or IX 61/6 2 = 
1/2 IX 65/6 6. Conditions on the dorsum and venter may also be 
compared. 

Although this terminology was proposed in 1898 (Moore (’98)), 
and has been used by the writer ever since, it has not been 
adopted by other student of leeches, only three being known to 
have used it. Nevertheless, tho system possesses several merits^ 
By means of it the development of the aunuli of any leech may be 
expressed in detail by a brief and easily understood dingnostic 
formula, and a uniform basis for the exact comparison of the 
different species established. By combiniug the annulus symbols 
with the Boman numerals designating somites, any particular 
annulus of a leech’s body may be indicated, and this witkout the^ 
necessity of counting all of the annuli. Under this system the 
source of any discrepancy between the counts of two writers nmy 
be instantly detected and located. Differences in dorsal and 
ventral aunulation are also expressed exactly. 

AU systematic writers on the Hirudinea have laid stress on the 
importance of making exact counts of the number of annuli, and 
have used the annuli numbers to designate the position of other 
structures. Each writer has selected a fixed starting-point, but 
unfortunately, until recently, there has been no agreement upon 
the location of this point. There have been used the first pair of 
eyes, the last pair of eyes and the anus on the dorsal side, and the 
“mouth” (buccal rim) and first pair of nephropores on the ventral 
side, but as writers do not alw'ays state \vhich system they employ, 
the resulting confusion is great. Whitman quite logically dis- 
carded all of the earlier unnatural systems, and numbered every 
annulus successively, beginning with the tip of the head. This is 
the system uow generally in vogue, and would be satisfactory \vere 
it possible to apply it consistently. Unfortunatelv, howv\er, 
aunuli are not always perfectlv definite parts. At the head end 
especially they may be obscure and ill-defined, aud on poorly-pre- 
served material are frequently totally obliterated. This resulis in 
diverse interpretations, frequent errors, and inconsistencies which 
affect the enumeration of the annuli throughout the length. In 
the absence of the origiual material it is often impossible to 
determine the exact source of confusion, and there may be much 
uncertainty concerning the species to \vhich a description refers. 
An advantage of the svstem proposed is that any errors or 
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discrepancies are confined to the somite in whieh they occur, and 
consequently may usually be cheeked and interpreted hy an ex- 
perienced student. Other points on the body are not affected, as 
they are independently determined. The annulation o£ each 
somite is determined separately, and there are so many good 
criteria by which the soraites may be delimited and counted that 
there is small excuse for errors. Of course, this system, like any 
other, is subject to the vicissitudes of the personal equation and 
human frailty, but it has the advantage of offering many objective 
checks and of limiting the error. 

By using this terminology in eonnexion with that employed for 
mapping out the surfaces in longitudinal fields or tracts separated 
by the lines along which the sensillae lie, we are provided with a 
system of coordinates, a sort of minute latitude and longitude, by 
which any point on a leech’s body may be designated with the 
utmost precision and located very quickly. 

In case objection is made to the theoretical considerations upon 
whicl» this terminology is based, a great improvement over Whit- 
man’s system would be found in the employment of the Boman 
numerals to designate the somite and Arabic numerals to indicate 
the annuli of each somite. This would have the great disadvan- 
tage, hoxvever, that a given numeral ( e.g . 5) would refer to quite 
different annuli in somites of different degrees of elaboration # . 

While the determination of annulation is of the greatest im- 
portance for systematic descriptions, the too exclusive dependence 
upon it for diagnostic purposes has of recent years proved a 
detriment rather than an aid to progress. By some recent students 
the annulation, and especially the annular structure of the com- 
plete somite, has been depended upon as almost the sole criterion 
of generic diagnosis, to the nearly complete neglect of the internal 
auatomy. The result has been much confusion, an unnecessary 
multiplication of genera, and unnatural groupings. To put the 
Hirudinea upon a satisfactory taxonomic basis, it is important that 
the anatomy of all species not previously described should be 
placed upon record, and that the descriptions of all nevv species 
should include an account of the principal features of internal 
anatomy. Only by the accumulation of this information and a 
complete monographic study of the group can a satisfactory 
arrangement of the genera be reached. 

*Since this waswritten, Oka(1925) has employed sucha terminology, excepfc 
that letters of tbe alphabet, instead of numerals, were used to designate the 
annuli. 
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TO THE 

RHYNCHOBDELL JE. 

BY 

W A. HARDING, M.A., F.L.S. 


The Suborder Rhynchobdellae comprises leeches which suck the 
blood and juices ot their prey by means of a protrusible proboscis. 
It contains no terrestrial or carnivorous forms. Its members are 
strictly parasitic, and consist, \vithout exeeption, of freshwater and 
marine species, the latter being the only leeches known to inhabit 
the sea. 

The proboscis, which constitutes so important a characteristic 
of this group, is an adaptation of the pharynx, which has become 
highly muscular, free and protractile, and so capable of being 
thrust through the small oral opening in the leech’s anterior 
sucker into the tissues of its host. 

Few Rhynchobdellse are large, and none reach the formidable 
proportions attained by certain predaceous Arynchobdellae. In 
the Indian region, where they are widely distributed, they are all, 
with the exception of a few marine species, of small size, ranging 
from about 6 mm. to 20 mm. in length, and on this aecount, com- 
bined \vith the fact that they are innocuous to mankind, they do 
not generally attract the attention of the ordinary observer. 

The Suborder is divided into the three Families—Acantho- 
bdellidae (not represented in Iudia), Ichthyobclellidm and Grlossi- 
phonidas. It must be noted, however, that opinion is not 
unanimous in regarding Acanthobdella peledina , the only repre- 
sentative of the first of these Families, as a leech. Notwithstanding 
its affinities \vith the Hirudinea, some authorities consider that 
its true position is with the Oligochaets. In the Rhynchobdellae 
there is always a permanent, cupuliform or discoid posterior sucker, 
directed more or less ventrally and supported, as on a kind of 
pedicel, by the tapering portion of the body lying immediately 
behind it. An anterior sucker of very similar form is nearly 
always found in the Ichthyobdellidae, but in a few members of this 
Family and in the Glossiphonidae this is of a different type. 
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Here the head»region of the body preserves its annulation dorsally 
to its anterior end, and the sucker takes the form of a more or 
less spoon-shaped depression hollowed out of its ventral surface. 

The suckers, whieh are liighly muscular, form powerful organs 
of attachment, and the extent of their development bears some 
relation to the activity of the hosts to which they adhere. Suckers 
sho\ving but a moderate development are seen in the Glossi- 
phonidaB, which prey for the most part upon hosts which are 
«iuggish or only attacked when in a state of inactivity. The 
Ichthyobdellidae, however, are very largely parasitic upon fish, 
and so need the large suckers developed at the extremities of the 
body in order to reraain firmly fixed to tlieir vigorous carriers. So 
strong is the action of the anterior sucker of Pontobdella that its 
projecting rim frequently leaves a deeply-indented circular scar 
upon the body of the host. 

The IthynchobdellaB exhibit considerable diversity of form, 
which is inost noticeable, however, in the IchthyobdellidaB. In 
this Pamily the body, which is nearly always elongate, may be 
‘Cylindrical, flattened or claviform, preserving either an unbroken 
outline or, on the other hand, being distinctly divided into a short 
anterior and a long posterior region. It may present all grada- 
tions between a nearly sraooth surface and one covered by large 
and prorainent warty tubercles, and in the case of the tw<> genera 
Ozobranchus and Brancliellion it bears conspicuous lateral branchice 
or gills. Another curious and not u'ncommon feature affeeting, 
however, only temporarily the contour of the body consists in what 
are kno\vn as pulsating vesicles. These are small inflations of the 
skin, resembling hemispherical blisters, which rise and disappear 
rhythmically. They are due to a mechanism which will be referred 
to later, and occur metamerically in lateral pairs on the posterior 
two-thirds of tlie body. Pterobdella amara (Kaburaki, 1921) 
afiords an example of unusual configuration in an Indian species, 
the more or less cylindrical body being provided with paired lateral 
processes bearing some resemblance to fins. 

Compared with the Ichthyobdellidse, the Glossiphonidse are a 
much more homogeneous assemblage of leeches, and usually show 
little variation from the typical flattened, ovate-acuminate forra. 

The RhynchobdellaB possess a very wide range of hosts, aud its 
members do not usually confine themselves to a particular species 
or even genus, but are soinewhat more catholic in their tastes. 
The Glossiphonid species Helobdella stagnalis , for example, al- 
though parasitic cliiefly uponaquatic Gasteropods, is not averse to 
various other freshwater invertebrates; it will suck out the whole 
contents of aquatic larvae, and may have recourse, on occasion, to 
frogs, newts and injured fish. The smallest RhynchobdellsB are 
able to pierce epithelial surfaces, and have been found (in Africa) 
in such diverse situations as the anus of an elephant, the mouth 
of a crocodile and the pouch of a pelican. 

The Ichthyobdellidae are parasitic chiefly upon marine and 
freshwater fish, of which probably few species, from sharks, 
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flkates and rays to the smallest forms, are not actual or possible 
hosts. Marine and freshvvater Chelonia and sea-crabs are fre- 
quently attacked. Pantopod® and a species of Sclerocrangon 
have also been recorded as victims. Certain hosts of the Glossi- 
phonid» have already been referred to. In addition to Gasteropods 
and a large number of freshvvater invertebrates, including beetles 
{Dityscid») and insect larvae, the members of this fainiiy have 
been fouud upon amphibia, aquatic birds and freshvvater fisli and 
crabs. 

Although the Rhynchobdellffl have not hitherto attained 
notoriety as dangerous parasites and do not, as already noted, 
dravv blood from Man, they deserve nevertheless close investigation 
vvith a vievv to ascertaining if they play any part in the traws- 
mission of diseases ot’ economic importance. In this connection 
reference may be made to the vvork of Miss Robertson (1909, 
1910,1911), vvho has established, for example, Ozobranchus shipleyi 
as the intermediate host of a Hfflmogregarine found in the blood 
of the lake-tortoise Nicoriu trijuga in Ceylon, and shown that 
Hemiclepsis marginata marginata and the European leech Ponto - 
hdella muricata transmit Trypanosomes to certain fish. 

External Characters.— Turning now to the consideration of 
external features, of which a knowledge, until comparatively 
recent times, was regarded as sufficient for the work of the 
systeraatist, I find my task lightened by a chapter on the segmen- 
tation of tlie Hirudinea, contributed to tliis volume by Prof. J. 
Percy Moore, whose name will alvvays be remembered in con- 
nection vvith this subject, vvhich he has developed still further in 
his introduction to the Arhynchobdellae, in these pages. It is un- 
necessary, therefore, to do more here than summarise briefly the 
more important facts connected with the external metamerism. 

The body of a leech is alvvays composed of thirty-four segments 
or somites, and inasmuch as the presence of a ganglion is the 
fundamental test of a somite, so there are thirty-four ganglia in 
the central nervous system. Of these, the circum-pharyngeal 
ganglionic mass contains six, and the posterior ganglionic mass 
contains seven fused ganglia, and tvventy-one free single ganglia 
lie in the ventral chain between them. 

In the leech, again, the number of rings or annuli exceeds the 
number of somites, and throughout the greater part of its length 
these rings resolve themselves into a series of regularly recurring 
groups, corresponding to the successive somites of the body. Each 
of these similar groups containing an equal number of rings is 
termed in leech nomenclature a complete somite , and this, in the 
Rhynchobdellffl, may include from two to fourteen rings. Towards 
the ends of the body the number of rings in a group becomes 
progressively smaller, forming what are regarded as reduced or 
incomplete somites , and at the anterior extremitv one or more 
somites may be represented only by a single ring. 

The sensitive body of a leech is covered by minute sense-organs, 
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but we need only concern ourselves here with the segmental sense- 
organs or sensillce. These are confined to the sensory ring of each 
somite, which in the middle part of the body overlies a ganglion 
of the ventral chain, and appear in strict series in definite longi- 
tudinal rows or lines. According to Livanovv (1903) these lines 
occur on the dorsal and ventral surface in pairs with respect to a 
median line, and counting outvvards from the median line, consist 
typicallv of (1) an inner and (2) an outer paramedian pair; (3) an 
intermediate pair; (4) an inner and (5) an outer paramarginal (or 
submarginal) pair; and finally (6) of a marginal pair coinciding 
with the edges of the body. 

It must not be supposed, however, that sensillae are always 
present on these lines in every species. Generally the number of 
pairs is reduced, and this reduction is noticeable in the Ehyneho- 
bdellae. The sensillae, which often appear as small vvhite spots on 
the surface of the body, are frequently associated vvith colour- 
markings and more or less prominent cutaneous papillse, and thus 
the sensory rings upon vvhich thev are borne are in most cases 
easily recognised by the eye. 

Whitman and many others regarded these conspicuous sensory 
rings as the first rings of the successive somites of the body. 
Although, hovvever, this method of determining somite limits was 
convenient, it presented mauy difficulties which need not be dis- 
cussed here, and in 1900 Prof. J. Percy Moore and Dr. W. E. 
Castle, each working independeritly and upon different material, 
suggested a new method of somite delimitation based upon the 
-nervous distribution, whicli they very properly regarded as of 
fundamental importance. 

Under this system, which is novv generally accepted, each 
somite is innervated by the ventral ganglion it contains. The 
sensory ring lies in the middle of the three- or five-ringed somite, 
and takes its place there as the primary ring from vvhich the 
others have been derived by a process of growth and subdivision. 

The sensillas, which are retractile and provided with sensory 
hairs, in addition to functioning as tactile organs, appear to some 
extent to be sensitive to light. On the dorsal surface of the head- 
region they are often specially developed and modified into eyes, 
which consist essentially of a nerve axis surrounded by visual 
cells, surmounted by an epithelial cap and embedded posteriorly 
in a dense black pigment-cup, which, when viewed from above, is 
of more or less crescent-like form. Such organs can do no more 
than distinguish between light and darkness. 

Erom one to four pairs of eyes may be present in the Ehyncho- 
bdellse. In a few cases, as in some species of Placobdellci , eyes 
which at first appear to be single are found on closer examination 
to be compound, and occasionally the typical number may be in- 
complete or even exceeded; nevertheless it cannot be denied that 
the eyes, both in number and arrangement, are of great diagnostie 
value. 

In addition to the number of rings, the number and constitution 
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of the somites, complete and incomplete, the colour, markings, 
papillsB, eyes, vesicles, branchisB, and the form of the body and its 
suckers, tlie openings iu the body have still to be considered by 
the systematist. The position of the genital apertures in the 
ventral median line, and also that of tlie mouth-opening in the 
anterior sucker, are taxonomically of great importance; the 
situation of the anus in the dorsal posterior region is another 
useful diagnostic feature in the external topography, and the 
nutnber and positiou of the nephridiophores upon the ventral 
surface, although often obscured in preserved material, should if 
possible be nscertained. The genital openings generally lie within 
the limits of the eleventh and twelfth somites, tlie male anterior 
to the temale; occasioually a single slit-like pore encloses the 
apertures of both. 

The mouth-opening, through which the proboscis is protruded, 
usually lies well within the cup of the anterior sucker, but some- 
times it occurs at, or close to, its anterior extremity, thus leaving 
the interior face of the sucker imperforate. Ozobranchus and 
Parachpsis afford examples of subterminal oral openings; a 
terminal opening is characteristic of Placobdella. 

Bodi-Cavity or Ccelom.— The most notable and perplexing 
internal feature in the Ichthyobdellid® and G-lossiphonidse is 
the coelom. In the nearest ailies of the Hirudinea, namely the 
Oligochaeta, this consists of a fairly spacious bodv-cavity, divided 
intersegmentally by septa and containing the viscera; but among 
leeches this condition is seen only in the Siberian species Acantho- 
bdella , which forms a connecting-link between the two groups. 
In the rest of the Bhynchobdellae the body-cavity is split up into 
a series of longitudinal canals of varving size, connected by a 
eomplicated system of intercommunicating branches, which has 
been called the lacuna system. 

Apart from the lacuna systera, which is filled by the ccnlomic 
fluid, or lymph, and entirely unconnected with it, there is present 
a vascular system containing colourless blood. 

In typical species of the G-lossiphonidao, Oka (1894) finds that 
the lacuna system comprises five longitudinal trunks, namely 
(1) a median lacuna, (2 and 3) a pair of lateral lacunse, and! 
(4 and 5) a pair of intermediate lacunse lying between them and 
connecting the median and lateral trunks by means of transverso 
lacunse. In addition to these, a syslem of hypodermal lacunae lie 
beneath the skin. 

The median lacuna, \vhich contains a series of imperfect septa, 
traverses the body from the head-region to the anus, and where 
the stomach and intestine oocur becomes divided into a dorsal and 
a ventral lacuna, the two being separated by the portion of the 
alimentarv tract referred to. The narrow dorsal lacuna encloses 
the dorsal blood-vessel, and the larger ventral lacuna contains the 
ventral blood-vessel, the nerve-cord and part of the reproductive 
organs. 


c 
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The lateral lacunce lie at the margins of the body, and also 
extend from the head-region to the anus. At both extremities 
they nre connected with the median lacuna and each other by 
means of a circular canal passing round the margins of the 
anterior and posterior suckers. These lacunse are not contractile 
like the latenil lacunae of the Ichthyobdellidae, and the coelomic 
fluid in the Grlossiphonidae probably owes its circulation partly to 
the movements of the animal and partly to the pulsations of the 
dorsal blood-vessel in the median lacuna. 

The intermediate lacumce extend from the sixth somite to the 
anus, and, together with the transverse lacunse, may be regarded 



'^Fig. 2.—Schematic repreeentation of the lacuna system in the anterior part 
of the body of Glossiphonia complanata (after Oka). m.l median lacuna; 
zl., intermediate lacuna; sl., lateral lacuna; d.c., v.c., and s.c., dorsal, 
ventral and lateral transverse lacunse; dg, dorsal blood-vessel; vg, ventral 
hlood-vesiel. 

merely as extensions of the median lacuna. They are not simple 
trunks, but consist of a continuous network of canals, which 
occupy the spaces between the dorso-ventral muscles, nephridial 
cells and the connective tissue of the body. 

The hypodermal lacunce encirclo the body immediately beneath the 
skin, and communicate with the lateral and intermediate lacunae. 
From one to four of these fine canals may oceur in each annulus, 
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and by bringing the coelomic fluid so near to the exterior surface 
tbey assist iu the process of respiration. 

In the IchthyobdellidiB the lacuna system is much more variable 
in plan tlian in-the Glossiphonidas, and the lateral lacunse, vvhieh 
are rarely absent, are stronglv contractile, with povverful muscular 



tFig. 3.—Schematic representation of the lacuna system in the posterior part 
of Glossiphoiiia complanata (at'ler Oka). m.l., median lacuna; zl., inter- 
mediate lacuna; s/., lateral lacuna; d.c., v.c. and sc., dorBal, ventral and 
lateral transverse lacunie; rl., circular lacuna in posterior sucker. Blood- 
vessels indicated by dotted shading. 


\valls. The system attains its highest degree of complexity in 
those forms wbicb, like Piscicola geometra , are provided with 
jpulsating vesicles . 

In this species, wbich bas been investigated by Johansson (1896) 
and Selensky (1906), there is a median lacuna andpairs of lateral 
and intermediate lacunae, agreeing in the main with the arrange- 
ment seen in the Glossiphonidae. The hypodermal lacunae are 
■absent, but capillary vessels, having a similar function, occur in 
allied species. In the middle of each of the first eleven somites 
(XIII-XXIII) posterior to the clitelluin there is a pair of lateral 
flpulsating vesicles and a segmental lacuna running within the 
circular body in the form of an irregular ring. 

The vesicles lie in the body-waUbet\veen the skin andthe muscle- 
♦layers, and outside the lateral lacunae, with which they are con- 
'iiected. The segmental lacunae form a coinmunication betvveen the 
median and intermediate lacunae, and throw out on either side 
lateral branches which, again, communicate with the vesicles. 

The pulsating vesicles, which in diastole arch up the eonspicuous 
ilittle hemispheres of skin already referred to, are rendered con- 
^traetile by reason of their muscular \valls. An incomplete 
muscular septum, formed by an invagination of the outer wall, lies 
somevvhat loosely within each vesicle, and by flapping baekwards 
and forwards acts as a valve, alternately coveriug and uneovering 
the opening forming the vesicle’s inlet. In expansion, the ccelomic 
’fluid is dravvn into the vesicle from the lateral braneh of the seg- 
mental lacuna, and after passing over the septum is foreed, during 
•contraction, into the laleral lacuna. 


o 2 
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Johansson (1898 6), working for the most part upon material* 
obtained in northern Europe, draws attention to three different 
types assumed by the lacuna system in the Ichth) r obde]lid30. The 
first type, possessing pulsating vesicles, is that just described 
which, it must be noted, contains onc genus, Pontobdella , where- 
these organs are not apparent externally, being very small and 
unable to arch up the thick warty skin. In the second type the- 
lacuna system is considerably reduced. The pulsating vesicles 
and also the lower halves of the segmental lacunae, have dis- 
appeared, leaving only the upper halves to connect the dorsal and> 
lateral lacunse. Jolamsson’s genus Abranchus (unrecorded from 
India) and, perhaps, Piscicola cceca (Kaburaki), described in these- 



Fig. 4.—Schematic representation of the lacuiia systeni in a somite in the- 
middle part of the body of Piscicola (al'ter Selensky). md., dorsal lacuna 
mv., veutral lacuna; l.lc lateral lucuna; i.lc., intermediate lacuna, sliown 
on one side only; kd. and kv., dorsal and ventral sections of segmental 
lacuna; ves., pulsating vesicle; ktr., canal connecting pulsating vesicle- 
with lateral lacuna; kcovi ., laleral canal running i'rom segmental lacuna 
to vesicle. 


pages, are representatives of this type. In the third type,. 
exemplified by the genus Platybdellci (Malm, 1863) as amended by 
Johansson (1898 a), the coelomic system is reduced still further,. 
little more than the ventral part of the median lacuua being left. 

These types by no means inciude all the modifications exhibited 
by the lacuna system iu the lchthyobdellidae, which still reqnires- 
further investigation. Badham (1916) describes a remarkable 
Australian member of this Familv, Austrobdella, having a pair of 
contractile marginal canals in place of pulsating vesicles. 

In Ozobranchus , Oka (1904) finds that the contractile lateral 
lacun® give off to each of the branchias a canal which breaks up 
into finer branches, of which two penetrate to the tip of every gill* 
thread, where they unite with a similar single fine branch com- 
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CKiauicating with the large and sirnple median Jacuna. In diastole 
the lateral lacunas draw the lymph through the inlet vaives of the 
branchial canals counected vvith them, and in systole disperse it 
through the rest of the coelomic system. 

Yasoulau Systbm. —The true Blood-Vascular system consists 
esseutialiy, in the Rhynchobdellae, of a dorsal and a ventral vessel 
'exteuding through the greater part of the body, and conneoted at 
each extremity by a series of convoluted branches. A section of 
the auterior part of the dor&al vessel is provided with specially 
anuscular walls, vvhich render it contractile and so able to perform 
the functious of a heart or hearts. The dorsal vessel, further- 
more, almost alvvays expands into, or is connected with, what has 
been termed an intestinal blood sinus, which more or less entirely 
«envelops the intestine and its diverticula. 

lu many, if not in all cases, the peristaltic contractions of the 
muscular intestinal wall force the bloodout of the intestinal sinus 
into the dorsal vessel, vvhere, after passing through a series of 
valves vvhich prevent regurgitation, its forvvard flow receives fresh 
impetus on reaching the contractile “ heart.” 

The vascular system here broadly outlined is subject to con- 
siderable variation in detail. The intestinal blood sinus in the 
Glossiphonidae is described by Oka (1894) as an expansion of the 
dorsal vessel, entirely surrounding and following the contour of 
the intestine and its diverticula. Iu Piscicola and some other 
lchthyobdellid genera this is formed in part by a separation of 
the epithelial and muscular layers of tlie intestinal wall. In 
Branchellion it takes very largely the form of a network of blood- 
vessels (Sukatschoff, 1912), aud in Ozobranchus no proper sinus 
•exists at all. In this genus, Oka (1904) finds that the dorsal 
Yessel lies over the intestine, and the diverticula of the latter, 
which are very long and do not extend laterallv, wind round tlie 
Yessel so that it is m contact vvith the intestine on all sides. This 
■close contact, vvhich is alvvavs niaintained between the dorsal vessel 
and the intestinal vvall, whether by a sinus or by other means, 
enables the blood to absorb from the intestine food products which 
lat-er are iuiparted osmotically through the walls of the dorsal 
vessel to the lymph surrounding it in the median lacuna. 

Our knovvledge of the vascular system in Piscicola is due to 
Johansson (1896) and Selensky (1907), and the latter gives a good 
description of the thickened muscular walls of the dorsal vessel 
forming the “heart >, in this species (see fig. 5). These walls 
ovve their contractility to the presence of closely-placed muscular 
bauds surrounding the vessel, and extend from the second pre- 
clitellar somite to the posterior extremity of the clitellum, where 
tliey end abruptly. It vvill be observed that the muscular layer 
■extends for a short distance along each of the branches given off 
by the dorsal vessel. In the GlossiphonidaB, Oka (1894) describes 
a somevvhat different arrangement, consisting of a series of fifteen 
•contractile chambers separated by valves, acting as hearts. 
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The anterior branches connecting tlie dorsal and ventral vessels^ 
consist nearly ahvays of four pairs, together with an odd branch 
which supplies the proboscis. Posteriorly the eonnecting branches> 
spread out into paired loops in the posterior sucker.^In some 
cases there are seven pairs of such loops eorresponding to the- 
seven somites absorbed by the sucker, but the full number is nofc. 
ahvays present. 



Fig. o.—Schematic repreaentation of the blood-vessels in the anterior parfc 
of the body of Piscicola (after Selensky). Somites numbered in Roman 
figures. dors. y dorsal vessel (the contractile portions are annulated) ;• 
ventr., vent.ral vessel; a. a' and b, b ', branch vessels forming loops in the 
anterior sucker and connoctingthe extremities of the dorsal and the ventral 
vessel; c and d, d\ other branches connecting the same, the latter looping 
backwards as far as the clitellum; r, r', an unpaired connecting branch 
supplying the proboscis, here shown for tlie sake of clearness as external 
to the body. 


It \vill be understood from what has been said that (1) in 
Acanthobdella there is a simple body-cavity and a closed vascular 
system, and that (2) in the Ichthyobdellidae and G-lossiphonidse the- 
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olosed vascular system has become supplemented by a seeondary 
circulatory system developed from the coelom. These tvvo systems 
are unconnected and, inoreover, the blood flowing in the one and 
the lymph flowing in the other, although both aimost colourless, 
bear no other resemblance to each other and react differently to 
stains. In the Arhynchobdell», it may be noted further, the true 
vascular system has disappeared, and the lacuna system, containing 
red-coloured Jymph, alone remains in a modiñed form. 

Alimentary Tract. —The buccal oritice or mouth perforates 
the hollovv ventral surface of the anterior sucker at some point in 
the middle liue. The diagnostic value of the position of this 
orifice either within or upon the anterior rim of this oral chamber , 
as it has been called, has already been noted in the description of 
external features. The mouth opens into a deep stomodaeal cavity 
completely surrouuding the pharynx, which takes the form of a 
cylindrical, bluntly-pointed protrusible proboscis moving freely 
within it. This cavity has received more than one interpretation, 
and has been variouslv termed the bueeal sinus, peripharyngeal 
cliamber, pharyngeal sac and proboscis sheath. The £>ro&oscis 
sheath , as it will be called liere, is lined by ectodermal epithelium, 
which is continuous with that of the proboscis and its lumen. 

The proboscis, which is controlled by retractor muscles lying 
behind it and protractor museles situated in its sheath, is itself 
highly muscular and extensile, and in addition to its longitudinal 
musculature, possesses a system of radial und circular muscles 
which, by expauding and contracting its iumen, provide a means 
of sucking blood. The ducts of the uuicellular salivary glands, 
which lie outside the median lacuna and are often of very large 
si/.e, enter the base of the pruboscis and penetrate upwards to 
discharge their contents, some into its lumen and some at its 
extreraity. 

The ectodermal lining of the digestive tract ends with the base 
of the proboscis, which is immediately followed by the “ anterior 
endodermal gut’’ of Sukatschoff (1912), lying in the clitellar 
region. This, which has sometimes been called the cesophagus, 
receives in many cases the ducts of a pair of lateral cesophageal 
glands. It mny be distended owing to the development of paired 
lateral diverticula, or it may be somewhat long and slender, when 
it otVn undergoes a considerable amount of flexion during the 
retraction of the proboscis. This anterior endodermal gut is no 
more tlian an extension of the portion immediately following it, 
with which it is similar both in function and in structure, liamely 
the long section of alimentary tract called by Sukatschoff the 
“ anterior thin-walled part of the middle gut,” and referred to in 
the following pages by its lpore familiar names of crop or stomach . 

The chief function of the stomach is to act as a place of storage 
for food, and its capacity is found to vary inversely with the 
difficulty experieiued by the leech in finding a host. 
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The stoinach is proyided posteriorly with a capacious extension, 
which in the Ichthyobdellidse takes tlie form either (1) of a single 
caecum, (2) of a pair of caeca, or (3) of a caBcum parlly divided by 
a series of median apertures, represeuting a stage intermediate 
between the other two. Johansson (1898 6), who first drew 
attention to the diagnostic value of these varying sfructures, 
regards the paired caeca seen in his genus Abranchus, and in 
Ozobranchus, as the primitive type from vvhich the others have been 
derived by a process of fusion. The single caecum or blind gut 
iies beneath the intestine, and is characteristic of Pontobdella and 
the intermediate type, vvhere the paired caeca are partly fused 
togcther, appears to be of the inost frequent occurrence, and is 
seen in Branchellion and Piscicola . In addition to the posterior 
caecum or caeca there is a series of anterior, metamerically disposed 
pairs of caeca or diverticula, the several pairs occupying the middle 
part of successive somites. In Branchellion and Callobdella the 
narrovv portion of the gut lying between each pair of caeca is 
provided with an annular muscle-band fonning a sphincter, and 
there is little doubt that such sphincters, dividing the stomach 
into a series of chambers, occur in similar situations throughout 
the Rkynehobdellae. 

In the G-lossiphonidae all the diverticula of the stomach are 
paired and often developed to a conspieuous degree, the deeper 
indentations in the irregular but symmetrical form often assumed 
being due to the interference of the dorso-ventral muscles. 

The thin-walled crop or stomach opens through a sphincter into 
the intestine, the “ thick-walled, glandular section of the middle- 
gut ” of Sukatschoff ( loc . cit.). This consists of a moderately vvide, 
median, longitudinal tube, part of which may be ciliated, pro\ ided 
generally with four pairs of diverticula. It is here that rhe pro- 
cesses ot' digestion and absorption take place. The relation of 
this portion of the gut to the blood-stream has already been 
discussed. 

The intestine opens, again through a sphincter, into t-he thin- 
vvalled hind gut, of \vhich the posterior part serves as a rectum and 
discharges its contents through the dorsal and median anus, 
situated nearly always vvithin the limits of somites XXVI and 
XXVII. 

Generxtive Organs.— Leeches are hermaphrodite. The re- 
productive system in the EhyncbobdellaB is of great systematic 
importance, owing to the considerable diversitv in detail often 
presented by its several parts. The male, like the female organs, 
are paired, with the exception of their common portions situated 
in the middle line. 

The male orgaus may be considered first. The testes are dis- 
posed segmentally, and in the post-clitellar region Jie between the 
diverticula of the crop or stoinack. The number of pairs ot' testes 
varies in different genera. Their cavities form parts of the original 
coelom, having arisen, like the ovaries, as proliferations of the 
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«pithelium of the lateral coelomic cavities, and \vithin them the 
process of spermato-genesis takes place. Each testis, or testicular 
Bao, commuuicates by a short vas efferens with the vas det'erens of 
its own side, and this, at some point not far in advance of the first 
pair of testes, leaves the tissues through which it has hitherto 
passed, and expands into au ejaculatory canal with muscular 
walls, ot'ten swollen and contorted, lying free in the ventral 
lacuna. Here the terminal portions of each canal turn inwards to 
forin a medinn common part or prostate chamber, folloxved by 
an ectodermal invagination, referred to below, ending in the male 
orifice. 

The posterior pnrt of the ejaculatory canal, generally much 
coiled and separated frorn the terminal part by a constriction, con- 
stitutes an epididymis or sperm-reservoir where the spermatozoa, 
e\vept into it from the ciliated lumen of the vas deferens, become 
cemented together in compact bundles, and are stored for future 
use. The ejaculatory canals may be modified in several ways. 
The sperm-reservoirs may be reduced, or in certain cases absent. 
In Glossiphonia heteroclita (fig. 23, p. 61) these canals assume 
what may be regarded as their typicnl form. In Glossiphonia 
complanata (fig. 22, p. 59) the greater part of each canal is 
somevvhat slender, and takes the form of a long and sinuous loop 
extending backwards in the median ventral lacuna as far as the 
twentieth sornite. 

The spermatozoa are packed in spermatophores for conveyance 
from one mdividual to another. These little structures, wliich 
liave an outer chitinous envelope, consist usually of two more or 
less adherent, often club-shaped tubes coutaining sperm-bundles, 
tapering anteriorly to a blunt point and united below by a pedicel 
traversed by canals leading from each tube to the exterior. The 
foot, with its adhesive basal disc, is formed in the median, common, 
unpaired part of the male organs, or prostate chamber, and each 
of the paired terminal portions of tlie ejaculatory ducts, often 
called the prostate cornua, contributes one of the t\vo tubes 
(Whitman, 1890; Brumpt, 1900). The sperraatophore, \vhen 
first produced, is nearly white, and may be seen readily by the 
naked eye. That of Glossiphonia complanata (fig. 6) ranges from 
about 5 to 8 mm. in length, but spermatophores of cousiderably 
smaller size are not infrequent and larger dimensions are sometimes 
attained. 

The terminal part of the male organs usimlly takes the form of 
a small eversible bursa. In Ozohranchus , however, where tlie re- 
productive system presents features probably unique among the 
Hirudinea, Oka (1904) notes the occurrence of a tri:e copulatory 
orgau recalling the penis l'ound in the Hiruditlae. The bursa, 
which is subject to a good deal of modification, is generally rudi- 
mentary in the Glossiphonidse, consisting of little more than a 
small papilla pierced bv the male pore. An exception to this is 
seen iu Theromyzon ( Protoclepsis ) tessellata , where the bursa is 
fairly large and has been observed to transfer spermatophores of 
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a reduced and simplified form from one individual to the female- 
aperture of another (Brandes, 1900; Brumpt, 1900). 

But although the well-developed bursa occasionally provides a 
means of copulation, fertilization, which may be reciproeal, is 
effected in the Ehynchobdellse chiefly by hypodermic impregnation.. 
This curious process consists (1) in the implantation by one leech 
of a spermatophore upon the body of another leech when (2) the 
contents of the spermatophore penetrate into the tissues of this 
other leech, and make their way to the ovarian sacs, where fertili- 
zation takes place. In the Glossiphonidse the spermatophore 
probably proves effective if attached to almost any part of the^ 



Fig. 6.—Sperraatophore of Glossiphonia complanata, greatly enlarged (after 
Bnirapt). Sp. t portion containing bundles of sperraatozoa; sg. t granular 
secretion forming a temporary plug in tlie canal leading to the exterior 
through the pedicle pb. 


body whieh happens to be accessible; its deposition, however, in 
many cases is made in the clitellar region. In most of the 
Ichthyobdellidse, on the other hand, the spermatophore must be 
placed in a very restricted zone on tho ventral surface, often 
differentiated into a cojpulatory area situated eitber close to th& 
genital orifices or in some cases \vithin the male atrium itself, 
when, occasionally, it may be brought to the exterior with thfr 
evaginated bursa. Beneath this area there lies generally the so- 
called conductive tissue (tissu vecteur) of Brumpt, serving as a 
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passage through \vhieh the spermatozoa travel to their destin- 
ation. 

The female reproductive organs corçsist of a pair of more or less 
elongated coelomic sacs—the ovisacs—and these, which contain 
the true ovaries, unite anteriorly to form a common muscnlar 
oviduct opening to the exterior by the female pore. The ovisacs 
during the breeding-season increase in length, and become much 
disteuded by the egg-strings developing within them, and in the 
case of the Glossiphonidae aud certain Ichthyobdellidse lie free in 
the ventral lacuna. 

In many Ichthyobdellid», hovvever, the ovisacs form adherences- 
either directly, or through the medium of conductive tissue, with 
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Fig. 7.—Ventral surface of clitellar region of Piscicola geometra, showing 
copulatory area z, provided \vith a longitudinal groove x (after jBrumpt). 


parts of the body-wall often marked exteriorly by a copulatory 
area of the kind to which reference has been made. This con- 
ductive tissue, which has sometimes been misiuterpreted, varies 
very greatly in development and distribution, appearing in some 
cases as a fairly compact mass, and in others being reduced to a 
pair of bridle-like strands (fig. 8). It consists of a form of 
connective tissue arising as an outgrowth from the walls of the 
ovisacs, according to Brumpt (1901), who first drew attention to 
its special function, and to vvhose comprehensive work the reader 
is referred. The exceptional character of the male reproductive 
organs of Ozobranchus has already been raentioned. The female 
organs described by Oka (1904) in this genus are even more 
peculiar. Here there are two female apertures, that serving for 
fertilization being situated within the male atrial chamber and 
having no connection with the external female pore reserved for 
the deposition of eggs. 
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Tbe eggs, in Ozobranchu$ % are embedded in a single layer in a 
chitinous sheefc spread upon the plastron ot‘ the tortoise serving as 
a host (Plate II, fig. 5), but in most of the Ichthyobdellid» they 
are enclosed in cocoons or egg-cases, wliich are attached to some 
submerged foreign body. These cocoons vary a good deai in form 
and size, but they are all made upon the same general plan. 



Fig. 8.—Reproducfcive organs of Piscicoln geometra, shovring conductive tis9ue 
(after Brumpt). t ., testis; ce., ejaciilatory canal; p., ifcs terminai portion ; 
gl.a., glands comniunicating with the terminal portion of the ejaculatory 
canal and secreting the walls of’ the spermatophore (these glauds in most 
species lie in the walls of the fcerminal portion); tc., ma68 of conductive 
tissue underlying the copulatory area; cc., its paired connections with 
the ovisacs ov. cn., ventral nerve cord with ganglia. 


Shortly before a leech is ready to lay, ifc makes itself fast by its 
two suckers to sorae convenienfc object, and the clitelluin becomes 
•covered with a chitinous layer secreted by glands sifcuated within 
its \valls and destiued to form the future cocoon. At first this 
layer is liearly \vhite and somewhat viscous, but it gradually 
hardeii8 and eventually assumes a more or less cleep bro\vn colour. 
The leech has now to \vithdraw the anterior part of its body 
through tbis cylindrical layer, haviug first discbarged its eggs 
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within it imd caused it, by pressure, to adhere to the object upon 
which it rests. Swelling itself against the posterior extremity of 
its chitinous belt and dragging in the anterior extremity vvith it 
as it retire9, this structure becomes invaginated until its two ends 
meet, thus preserving its contents from contamination by contact 
with the body passing through it. As soon as the cocoon is left 
free it evaginates itself, and its extremities close up, leaving a 
sniall operculum through whjch, when hatched, the young leeches< 
issue into the surrounding vvater. 



Fig. 9 .—a end view, nnd h side view of cocoon of Pontohdella Tnuricata r 
greatlj enlarged ; c, cocoon of Piscicola gcometra, enlarged (after Harding). 


In the Grlossiphonid® the typical egg-case is made in much the 
same way as the Ichthyobdellid cocoon. It differs from the latter^ 
hovvever, (1) in being a very thin and transparent membranous 
sac, and not a horny structure, and (2) in being attached to the 
ventral surface of the body from which it arose. A leech bearing 
more than one of these bulky and easiJy detachable sacs remains,. 
as far as possible, in one place, a circumstance which has led to 
the supposition that the G-lossiphonid® brood over their eggs- 
The young leeches for some time after they are hatched adhere by 
their posterior suckers in heavy clusters to the ventral surface of 
the parent, who often directs the sides of her body downwards in 
order to afford additional protection and carries her brood to their 
first host. Instances are known of a dorsal gland secreting an 
adhesive substance whereby the young leech in its early stages is 
fixed to its parent. The dorsal chitinous plate conspicuous in 
Helobdella stagnalis is the remnant of such an attachment gland. 

We have now given a brief sketch of the more important 
features, both external and internal, of systematic importance in 
the EhynchobdellaB, without attempting, however, to enter into* 
histological detail or to deal comprehensively with the morphology 
of the group. Johansson (1898 b) first called the attention ©f 
the systematist to the nephridia, and their diagnostic value^ 
particularly in the case of the IchthyobdellidaB, is becoming better 
appreciated. Our knowledge of many known species of Rhyn- 
chobdellae, it may be observed, leaves much to be desired, and there- 
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<;an be little doubt that furfcher species awaifc discovery and in- 
vestigation. 

Methods of Peeseryation and Study.— The remarks upon 
the proper technique fco be employed in the preservation and study 
of the Arhynchobdellae made bv Prof. Moore in this volume 
{pp. 117-120) apply equally \vell to the sub-order under con- 
siderafcion. Leeches are parfcicularly difficulfc to preserve with 
their diagnostic features intact, and the greatest care should be 
exercised in their treatment after capture. Too often the well- 
-meaning collector drops these sensitive worms alive into a 
preservative fluid frequently of unknown strength, with the 
resulfc that they reach their destination in a condition which defies 
examination. The collector should endeavour to preserve his 
•captives alive until he has leisure to examine them in their 
natural element, if necessarv with the aid of a lens. Careful 
notes should then be made upon coloration, pattern, form, size, 
behaviour and any other points which afctract the attention of 
fche observer. Such notes, forwarded with the material concerned, 
often prove of great value. 

Leeches invariablv should be anaesthetized before being placed 
in the preservative fluid. This is most readily effeeted in all but 
"the larger E/hynchobdellas by immersion in water impregnated 
with carbon dioxide, obtaiuable nearly everywhere in the form of 
the beverage, soda-wafcer. Por the amateur 70 per cent. alcohol is 
the safest preservative to use; where possible, however, both 
-alcohol or the still better preservative formalin should be applied 
as directed by Professor Moore. 


In conclusion, I am greatl v indebted to the late Dr. Annandale 
sometirae Director of the Indian Zoological Survey, not only for 
the large amount of material placed in my hands, but also for 
valuable information upon the coloration aud habits of many 
species, often supplemented by water-colour drawings of the 
living leech made by Mr. Chowdhary of the Indian Museum. I 
have Yeceived useful material and information from Miss Muriel 
Robertson, Prof. Clifford Dobell, F.E.S., Dr. Griiy A. K. Marshall, 
C.M.Gr., Dr. Kaburaki, aud also from Prof. Percy Moore, who, in 
addifcion to other courtesies, assisted me in connexion with 
Placobdellci ceylanica, a species vvhich owes its proper determination 
more to him than to me. My thauks are also due to Prof. 
Gr. H. F. Nuttall, F.E.S., for permission to reproduce from 
4 Parasitology 9 drawings of the cocoons of PontobdeJla and Piscicola 
(p. 29) and of Helobdella stagnalis (fig. 27, p. 69); and also fco 
Major E. B. Seymour Sewell, I.M.S., the present Director of the 
Zoological Survey of India, who has added materially to the value 
of these pages by lending the blocks of the various figures liere 
reprinted from the ‘ Memoirs 7 and 4 Eecords 9 of the Indian 
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Museum. These acknowledgments would be incomplete without 
reference to the courtesy o£ Prof. »T. Stanley Gardiner, F.R.S., who 
allowed me to make full use of the Cambridge Zoological Labora- 
tory, where much of this work has been carried out; and also 
to the kind assistance of Sir Arthur Shipley, Gr.B.E., F.R.S., the 
•editor of this volume, to whom my special thanks are due for much 
raluable criticism nnd advice. 

Cambridge, May 17th, 1926. 
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H IRUDINEA. 

Veriniforin bermaphrodite ChaBtopoda provided with a sucker at 
both extreuiities, with median genital openings, without parapodia 
aud rarelv with branchiaB. With the exception o£ Acanthobdella , 
there are no setaB and the ccelom is broken up into a system of 
inter-communicating spaces. 

The 8ystematic positiou of Acanthobdella has been referred to 
in the Introduction. 

The Hirudinea are divided into the two suborders, Rhyncho- 
bdelhe and Arhynchobdellae. 


Suborder RHYNCHOBDELLJE. 

Marine and freshxvater Hirudinea with colourless blood, with 
an exsertile proboscis, without jaws. The mouth is a small median 
aperture situated within the auterior sucker, or rarely upon its 
anterior rim. 


Family ICHTHYOBDELLIDiE. 

Body cylindrical or flattened, often divided into two distinct 
anterior and posterior regions, and sometimes with paired lateral 
branchiae and pulsating vesicles. The anterior sucker is generally, 
and the posterior sucker is always, a permanent cupuliform or 
discoid organ distinct from the body. Eggs eitlier included in 
chitinous capsules, which are attached to foreign objects, or 
cemented to the body of the host. Marine and freshwater forms, 
largely parasitic upon fish. 

In the case of Ichthyobdellidae having the body divided into two 
regions, the anterior region includes the clitellum with the genital 
•orifices, and the whole or part of somite XIII alvvays forms the 
beginning of the posterior region. Tbe anterior portion is conve- 
niently termed the neck, and the posterior region is, similarly, 
called the trunk or abdomen. The somewhat heterogeueous 
.assemblage of leeches contained in this Family obviously requires 
subdivision, and various attempts to split it up have already been 
made. That none of these attempts has proved entirely satisfac- 
tory gives no cause for surprise, since it is novv generally accepted 
that external features alone cannot often be relied upon for 
purposes of classification, and our knowledge of the internal 
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niorphology of the Ichthyobdellidae leaves much to be desired* 
This knowledge necessarily must be slowly acquired, for the 
members of this Tamily are notoriously difficult to preserve in a 
satisfactory state, and the marine species, usually found in un- 
expected places and under uufavourable conditions, rarely fall 
alive into competent hands. 

Genus OZOBEANCHUS, de Quatrefages, 1852. 

Ozobranchus , de Qnatrefages, 1852, p. 325. 
j Eubranchella, Baird, 1869, p. 311. 

(?) Lophobdelfa , Poirier et de Rockebrune, 1884, p. 1597. 
Pseudobranchellion , Apatliy, 1890, pp. 110 and 122. 

Marine and freshwater HhynchobdelJse parasitic for the most 
part upon turtles and tortoises. Body more or less flattened and 
divided into two distinct regions, a short, narrow*, anterior 
“ neck 99 and a large broad posterior portion or “ abdomen. ,r 
Posterior region with paired, lateral digitate branchise; without 
pulsating vesicles. One pair of eyes. The complete somite is 
bianuulaite ant-eriorly, but may become triannulate in the posterior 
region. Bggs cemented to the bo.dy of the host. Oral opening 
subterminal. 

1. Ozobranchus shipleyi, Harding, 1909. (Plate II, figs. 4, 5, 6 - r 
and fig. 10.) 

Ozobranchus shipleyi , Harding, 1909, p. 233. 

OzobranchusjantseanuSj Kaburaki, 1921 b, p. 681 (not Oka, 1912), 
Ozobranchus papillatus, K aburaki, 19216, p. 692. 

The first brief description which I gave of this species was- 
based upon some small individuals taken from the terrapin, 
Nicorxa trijuga , in Ceylon by Miss Robertson ( q . v, 1910). These 
were not in a favourabie condition for the examination of 
external features, and I stated at the time that the complete- 
somite was formed of three rings. A careful re-examination of 
the original leeches and their comparison with fresh material has- 
çonvinced me that the complete somite is really biannulate, 
consisting, in the neck, of two rings of almost equal size, and in* 
the posterior region of a broad ring folloxved by a narrow one. 
The broad ring, however, on t.he abdominal dorsal surface often 
shows signs of transverse subdivision, but this is not carried far 
enough to resolve it into two distinct rings and so constitute a 
true triannulate somite. 

Descrijption .—Body flattened and translucent; the posterior 
region with eleven pairs of lateral digitate branchiae, a pair* 
occurring on the anterior ring in each of the somites XHI-XXIII. 

The mouth opens in the anterior sucker in a subterminal 
position. Posterior sucker large, circular, centrally attached and 
about equal in width to the broadest part of the body (excluding 
the branchise). 

According to the late Dr. Annandale, to whom I am indebted for 
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ventral dorsal 



Fig. 10.— Ozobranchus shipleyi, Harding, 1909. Diagram showing dorsal and 
park of the ventral surface. Somites numbered in Boman, and rings in 
ordinary figures. mth. Mouth. an. Anus. hr. 1, br. 11. First and 
eleventh pairs of branchije. (The branchise are shown fully on one side 
only, for tbe sake of clearness.) tu. Tubercles. 
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nofes on the appearance and liabits of this species during life, the 
whole dorsal surfaee is dull yellow, delieately varied, especially at 
the margins, with darkgreen. Posterior sucker minutely speekled 
with the same green; branchiae colourless and almost transparent* 

Eings 49. The second and the forty-ninth rings show signs of 
subdivisiou, but are here regarded as single rings. 

Complete somite formed of two rings, the anterior one being 
distinguished by a series of 10-12 papillse of varying size situated 
on the dorsal surface. In the “ neck ” region these two rings are 
more or Jess of equal width, but in the posterior region, beginning- 
with somite XIII, the anterior ring is conspicuously larger than 
the one behind it. The branchise, when present, spring from the 
lateral extremities of this broad ring, which, as in the case of Oka’s 
leech, Ozobranchus jantseanuSi represents rings 1 -j-2 of a triannulate 
somite. This inference is emphasised by the fact tbat the papillsB- 
present upon this ringoccupy its posterior part, and are often, but 
not always, separated from its anterior part by a shallow trans- 
verse groove, as noted above. 

Somites 1-111 are represented by tlie first two rings. 

The twenty-three somites IY-XXYI are complete with two 
rings. Somite XXYII is uniannulate. 

The single pair ©f eyes lie in ring 5 (the first ring of somite Y). 

The male and female genital ducts open by a common pore 
between the two rings (19 and 20) of somite XII. The repro- 
ductive organs are of the complicated type characteristic of the 
genus. There are four pairs of testes, oecupying somites XYI- 
XIX. The small, spherical but somewhat flattened eggs have a 
tough shell provided with a minute circular aperture closed by a 
lid, which is broken through by the young leech when it emerges. 
These are laid close together in large groups on the carapace or 
plastron of the host, partly embedded in a layer of chitinous 
cement, which may be stripped in small sheets from the host’s 
body. The anus opens in the anterior part of the last ring. 

The long tubular crop, or stomach, increases in size posteriorly, 
and in somite XIX throws out two large lateral caeca, directed 
posteriorly, between whic-h lie the intestine and rectum. The four 
pairs of intestinal caeca are not spread out laterally, but lie closely 
packed together in a longitudinal bundle, confined, as Oka (1904) 
has explained, within the median lacuna. 

A typical branchia consists of a short, thick, circular, more or 
less annulated and sometimes bluntly-branched stalk with long 
vermiform unbranched appendages issuing from its distal end. 
The branchiae are kept in constant slow motion when the living 
leech is at rest “ as though the thumb and fingers of a hand were 
continually being slowly opposed to one another and as slowly 
withdrawn ” ( Annandale ). 

Dimensions. —Length, in alcohol, up to about 25 mm.; greatest 
width, not including the branchiaB, about 5 mm. Larger dimen- 
sions probably are attained. The Indian individuals were 
generally much larger than those from Ceylon, but this seemed 
insufficient evidence for regarding them as a separate species. 
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ITorts a ndHabitcit. —This species has been found on Nicoria trijuga r 
Schweigg, in Ceylon. Indian eiamples have been taken from 
Kachuga intermedia , Blanf., collected in the B. Mahanaddi, 
Sambalpur, Orissa; from K. smithii , Oray, in the R. Bavi, Lahore ; 
and from a single specimen of K. dhongolca , Gray. The last- 
mentioned tortoise originally came from the B. Ganges, but waa 
in captivity in the Zoological Gardens, Calcutta, when the leeches 
were taken from it. They were adhering tightly, in a solid mass, 
to the plastron, and were difficult to remove. 


Genus PONTOBDELLA, Leach, 1815. 

Albione , Savigny, 1822. 

Marine leeches without eyes, pulsating vesicles or branchise. 
Body more or less claviform and covered by conspicuous tubercles, 
often very large and forming prominent warty protuberances. 
Crop (or stomach) with a single undivided cascum. Complete 
somite composed of three and sometimes of four rings. Parasitic 
on fish, and chiefly affecting skarks, skates and rays. 

Of the three species here described, two have the complete 
somite composed of three rings; in the third species, however, 
this is composed of four rings. Two species, again, have the 
typical claviform outline; P. macrothela 9 on the other hand, differs 
from them entirely in the form of the body. Although the 
number of rings of which the complete somite is composed is of 
great diagnostic importance, the genus Pontobdella is here regarded, 
provisionally at least, as being unique in possessing a variable 
complete somite. It may, perhaps, become necessary at some 
future time to re-arrange the various species now referred to this 
genus, when a clearer knowledge of their internal morphology has 
been obtained. It was not deemed advisable, however, to procure 
such knowledge, in the case of the three species dealt with here, 
by sacrificing the scanty and valuable material available. In any 
case, the striking difference in body-form shown by P. macrothela 
seems sufficient to justify its inclusion in a subgenus, which has 
here been named Pontobdellina. 

2. Pontobdella loricata, Harding, 1924. (Plate II, fig. 8; and 

fig. 11.) 

Description. —Body fusiform and of a uniform greyish-green 
colour in alcohol, unrelieved by special markings. Anterior 
sucker circular, cupuliform, excentrically attached, with three 
pairs of inconspicuous submarginal papillae and with corrugated 
edges capable of being folded together so as to form a ventral, 
median, longitudinal slit. It comprises the first four somites and 
the greater part of the fifth. 

Posterior sucker circular, centrallv attached, with corrugated 
edges, not wider than the anterior sucker or the greatest width of 
the body. 
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Fig. 11 .—Pontobdella loricata , Harding, 1924. (After Harding.) Diagram 
showing external featurea of the dorsal surface. Somites numbered in 
Roman, and rings in ordinary figures. an. Anus. 
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Bings, 62 bebind the anterior sucker. Complete somite formed 
•of three annuli, consisting of a broad middle ring (lodging a 
ganglion of the ventral chain) situated between two smaller rings 
of equal width. 

Soraites YII-XI and XIII-XXIY complete with three rings; 
XII, XXV, XXVI and XXVII biannulate. 

The conspicuous clitellum comprises the seven rings lying 
between the broad middle annuli of somites X and XIII. Portions 
ot a ring may be detected between the 18th and ] 9th annuli. This 
appears to represeut the first annulus of soinite XII (here regarded 
as missing), but should an examination of further material prove 
it to be a constant feature, it might well be included in an 
enumeration of the aunuli, thus bringing the total number of rings 
to 63 and rendering soinite XII triannulate. 

The warts or tubercles upon the rings vary a good deal in 
number, size and position, so that it is only possible, by striking 
an average, to arrive at what may he considered to be a normal 
arrangement. This norraal arrangement,shown, as far asthedorsal 
surface is coucerned, in fig. 11, may be described as follow s:— 

The broad middle ring of the somite bears on its whole circum- 
ference eight large conical tubercles, four above and four below. 
The exterior dorsal warts are submarginal, so that their points 
appear in a ventral view. The narrow rings on either side of the 
middle one each bear a total of fourteen tubercles, a pair of marginal 
tubercles being present in addition to six above and six below. 

The warts here described may be occasionally missing or out of 
their norraal position, and other tubercles, generally of 6inall size, 
may be interposed between them. On the ventral surface of the 
middle riug of the somite a small tubercle often occurs between 
the middle pair of warts. The mouth-opening occupies a nearly 
•central position within the anterior suclver. 

The raale genital orifice lies between rings 17 and 18, that is, 
between the second and third rings of somite XI; the female 
opening appears between rings 19 and 20, in the middle of somite 
XII. Crop (or stomach) with a sacculabed, single, undivided 
caecum. 

The anus opens between rings 69 and 60, in the middle of 
^oinite XXVI, and so is separated by three annuli from the 
posterior sucker. 

Dimensions .—Approximate total length, in alcohol, 74 mm.; 
.approximate greatest width 7 mm. 

Host and Habitat .—The host is not recorded, and the example 
liere described is noted as haviug been taken at station 233, 
Marine Survey of India. 

3. Pontobdella aculeata, Harding, 1924. (Figs. 12 & 13.) 

Description .—Body fusiform, much attenuated anteriorly, more 
•or less circular in transverse section. One of the two individuals 
•examined, in alcohol, had assuined a uniforra dull grey hue devoid 
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Fig. 12 .—Pontobdella aculeata , Harding, 1924. (After Harding.) Dingram 
sbowing external features on the left of the dorsal, and on the right 
of part of the ventral surface. Somitesnumbered in Roman, aud rings- 
in ordinary figures. p.s. Pigment spots. mth. Mouth-opening. an. 
Anus. np. Nephridiopores (on ventral surface). 
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of special markings; the other vvas of a reddish-brown colonr with 
a dorsal pair of dark brown linear spots on the sensory ring of each 
somite. These spots appeared to recur metamerically throughout 
the body, but were difficult to detect owing to the imperfect pre- 
servation of the material. 

Anterior sucker small, circular, without papill», having corru- 
gated edges tending to close together in a transverse line and 
absorbing somites I-IV and the whole, or the greater part, of 
somite V. 

!?osterior sucker smaller than the anterior; with corrugated 
edges, circular and centrally attached. 

Rings, 75 behind the anterior sucker. Complete somite formed 
of four annuli of nearly equal width. The third of these, con- 
spicuous on account of its larger raarginal papillse, is here regarded 
as the primary ring of the somite, although it does not entirely 



Fig. 13.— Pontobdella aculeata, Harding, 1924* Dorsal aspect, life size. 

cover a ganglion of the ventral chain. The ventral ganglia,. 
throughout the greater part of t.he body, lie almost exnctljr 
between this third ring and the one anterior to it. The ring in 
question, however, takes its proper position in the middle of the 
triannulate somites present. 

Somites IX, X and XIII-XXIV complete with four annuli; 
VII, VIII, XI and XII t-riannulate; XXV biannulate; XXVI 
and XXVII uniannulate. 

The clitellum is not conspicuous, and appears to comprise the 
seven rings 17-23. The arrangement of the warty tubercles on 
the body, shown in fig. 12, may be summarized as follows:— 

(1) Each annulus bears two lateral tubercles, which, as already 
stated, are larger on the primary than on the other nnnuli of the 
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^omite. These tuberoles form two conspicuous rows lying along 
the margins of the body. 

(2) Dorsally, the first and third rings of the complete somite 
bear a parainedian pair, and the second and fourth rings a para- 
marginal pair of tubercles together with a median one, so that, 
throughout the greater part of the body, the tubercles on the 
upper surface are disposed alternately in twos and threes, forming 
& symmetrical pattern. 

(3) On the otherwise bare ventral surface of each ring is a 
paramarginal pair of prominent tubercles. These tubercles con- 
stitute two conspicuous ventral rows, which form a characteristic 
feature of the species. 

The mouth opens in a nearly central position within t.he anterior 
sucker. 

The male genital pore is situated between rings 19 and 20, the 
second and third rings respectively of somite XI: the female 
opening lies between rings 22 and 23, that is, between the second 
:and third rings of somite XII. 

The crop has a single undivided caecum,and the anus perforates 
the seventy-fourth or penultimate ring. The nephridiopores open 
in a paramarginal position in the second ring of the complete 
somite. Thirteen pairs of these pores were observed, but the 
•exarnination of fresh material will be necessarv before their full 
number can be determined. 

Dimensions .—Approximate size, in alcohol, of the larger example, 
total length 64 mm., greatest width 8 mm.; of the smaller, total 
length 35 mm., greatest vvidth (gorged with blood) 6 mm. 

Hosts and Habitat .—(a) Found on Harpodon nehereus, Estuary 
of the Basstin River, Burma (Marine Survey of India). (i) From 
~the Gregory Isles, Mergui Archipelago, Burma (Marine Survey of 
India). 

The teleostean fish Harpodon nehereus, Ham. Buch., vvhen 
'properly salted and dried, forms the table delieaey known as 
Borabay-duck. . “ It is not knovvn to occur at any great depth, 

and is not even restricted to the sea, being very abundant in the 
rivers and estuaries of Bengal aud Burma ” (G. A. Boulenger, 
1904, p. 613). 


F0NT0BDELLINA, subgen. nov. 

Marine leeches having the characters of Pontobdella , with the 
exception of the form ot‘ the body, vvhich is sharplv divided into 
two regions—a slender anterior “ neck ” and a broad, posterior 
abdominal ” region. 

See note on the genus Pontobdella. 
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4. Pontobdella (subgen. Pontobdellina) macrothela, Schmarda, 

1861. (PJate II, fig. 8 ; imd figs. 14 & 15.) 

(?) Hirudo indtca , Linnaeus, 1767, p. 1079. 

(?) Albione indica , Moquin-Tandon, J826, p. 130. 

(?) Pontobdella indica , de Blainville, 1827, p. 243. 

(?) Pontobdella depressa , KrOver (see Diesing), 1850, p. 438. 

Pontobdella macrot/iela, Schmarda, 1861, p. 6, Taf. xvi; K. Blanchard, 
1897, p. 80; Ooddard, 1909, p. 721. 

The Pontobdella depressa of Kr0yer appears to be synonymous 
with P. macrothela , but its description is insufticient to place its 
identity beyond dispute. According to the cominunication made 
to Diesing by Kr0yer, his leech was 1‘ound in West Indian waters,. 
and had an ashy-yellow, flattened body with flattened and deeply 
furrowed warts. B-egarding the Hirudo indica of Linnaeus, 
another species of Pontobdella described as being flattenea. 



Fig. 14 .—Pontobdella (subgen. Pontobdellina) macrothela, Sehmardn, 1861. 

Dorsal aspect, life .size. 


(depressa ), we can do no more than remark that it seems to bear 
a greater resemblance to P . macrothe/a than to the other Indian 
species of Pontobdella so far recorded. 

Description .—Body much flattened and divided into two very 
distinct regions: a short slender “ neck ” and a long, bulky 
“abdoiniuai” region comprising somites XIII-XXVII. Dorsal' 
surface with a longitudinal median groove, conspicuous on the- 
posterior region. 

The colour varies from yellowish-brown to dark green. The- 
example from India was, according to the collector’s note, in life r 
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Fig. 15 .—Pontobdella (subgen. Pontobdellina) macrothela, Schmarda 1861 
Diagram showing external features on the left of the dorsal and ’on the 
right of part of the ventral surface. Somites numbered in Roman and 
rings in ordinarj figures. an. Anus. * 
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dark green. This had faded in alcohol to a pale greenish-brovrn 
hue, and the body was unicolorous, save for two dorsal, dark 
brown spots on the anterior sucker above the junction with the 
“ neck, ,> symmetrically placed one 011 either side of the median 
line. Both Schmarda and G-oddard state the colour to be yellowish- 
brown: the former gives no indication of body-tnarkings in text 
or Hgure, and the latter definitelv notes their absence. 

Anterior sucker slightly oval, having its long axis parallel to the 
annuli ot* the body; about half the width of the broadest part of 
the body; with six small, conical, submarginal, dorsal tubercles, 
and showing signs of annulation dorsally above the junction with 
the “ iieck. ,> It appears to comprise the first five somites. 

Posterior sucker large and oval, with its long axis lying along 
the middle Jine; about equal in width to the broadest part of the 
body. 

Annuli 60; the first annulus to encircle the body completely, 
being the anterior ring of somite VI. Rings 58, 59 and 60 
without warts, but deeply scored by irregular transverse furrows 
tending to render obscure the interannular grooves. Complete 
somite formed of three annuli, a broad one situated between two 
narrow ones. In typical somites the narrow annuli are of equal 
width and about half the width of the middle one. 

Somites VII-X and XIII-XXIV are complete with three rings. 
Somites XI and XII (in the clitellum) with XXV and XXVI bi- 
annulate; XXVII uniannulate. 

Throughout the greater part of the body the ventral ganglia lie 
in the broad middle ring ot each somite. 

Tbe prominent, irregularly-shaped warty tubercles which cover 
the whole body have a rough, nodular surface, and are often of 
extensive area. In the “abdomina^ , region, where they tend to 
expand into and fill up the spaces between each other, thev are 
separated by deep furrows, and, together wifch a series of large 
depressed vvarts of more or less quadrangular outline situated on 
the middle ring of each somite, present a striking appearance as 
of croeodile skin (Pl. II, fig. 8.) 

The warts on the middle ring of the complete somite are twelve 
in all and arranged as follows: dorsally four large, more or less 
quadrangular warts, two on either side of the middle line, and 
betvveen each of these two a small wart; ventrally six warts, the 
tvvo lying on either side of the middle line being smaller and less 
conspicuously quadrangular than the others. 

In the two narrow annuli of the somite, Goddard makes the 
number of warts, or “tubercular areas ” as he calls them, the same, 
viz. eight above and eight soraewhat smaller ones below. These 
observations apply to the Indian example here described, with the 
exception of the number of dorsal warts on the first annulns of 
the coraplete somite, vvhere only six vvere usually present. No 
doubt some variation occurs both in their number aud position. 

Mouth nearly centrally placed within the anterior sucker. Male 
genital orfiice situated betvveen annuli 16 and 17, in the middle of 
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somite XI; female genitai orifiee situated two rings behind the- 
male, between annuli 18 and 19, in the middle of somite XII. 

The anus lies between annuli 57 and 58, that is, between 
somites XXY and XXVI. 

Dimensions .—Size of Indian specimen examined (fairly extended,. 
in alcohol): length, 64 mm.; greatest width, 13 mm.; auterior 
sucker, fully expanded, 6x5 mm.; posterior sucker, 13 x 11 ium.; 
length from beginning of u trunk ” region (somite XIII) to ex- 
tremity of posterior sucker, 55 mm. 

G-reater dimensions are recorded. Length (alive, but quiescent),. 
95 mm.; greatest widtk, 20 inra. ( Sclimarda ): an example in. 
alcohol, 80 mm. in length, 10 mm. in breadth ( Goddard). 

Habitat and Hosls .—The description here given is based on a 
single example of this species found, according to information 
supplied by its collector, attached to the side of a hammer-keaded 
shark (Zygcena sp.) caught at a depth of 25-28 fathoms oif Grobal- 
pore, in the Bay of Bengal. 

Blanchard records this leech from Tandjong, Lampongsche 
Districten, Sumatra; Goddard describes and figures an individual 
from the Brisbane River, Australia; and Schmarda founded the- 
species on a solitary example taken in the harbour of Kingston, 
Jamaica. 

The only host of P m macrothela yet recorded is the hammer- 
headed shark just referred to. The appearance of this leech in 
parts of the world so far apart as Kingston Harbour, the coast of 
New South Wales and the Bay of Bengal is consistent with 
parasitism upon certain sharks of wide distribution such as 
Zygcena malleus and Z. tudes , and its habitat probably includes 
sub-tropical as well as tropical seas. 


G-enus PISCICOLA, de Blainville, 1818. 

Small freshwater and brackish-water leeches parasitic generally 
upon fish. Body much attenuated, smooth and cylindrical, the 
posterior region vvith paired, lateral pulsating vesicles. Suckers 
large and excentrically attached. Mouth-opening in the middle 
of the anterior sucker. Eour eyes, generally linear in form, upon. 
the anterior sucker. Complete somite composed of fourteen_ 
rings. 


5. Piscicola olivacea, Harding, 1920. (Figs. 16 & 17.) 

Piscicola olivacea 9 Harding, 1920, p. 512 ; Kaburaki, 1921, p. 663. 

Description .—Body circular, long aud slender, varying in colour- 
from bright to pale olive-green, minutely speckled with black or 
Svith a deeper shade of green. A series of eonspicuous white 
pfitches or spots occur, one on either side of each somite, on 
tne margins of the body, and these are connected across the^ 
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dorsal surface by whitish, often indistinct transverse bands. 
Another series of white patcbes of more or less elliptical form 
lie in the mid-dorsal line, and these median patches, which may or 
may not be jointed together at their extremities, give the appear- 
ance of a somewhat ill-defined whitish mid-dorsal stripe. 

Anterior sucker circular, whitish, with three brown dorsal 
transverse bands, one band near the anterior extremity, one 
following the junction with the body, and a third and broader 
one between the t\vo, in the posterior part of the sucker. The 
mouth-opening lies in the centre of its interior cup. 

Posterior sucker somewhat heart shaped, ,o£ the same green 
colour as the body, with seven pairs of whitish rays corresponding, 
to the seven somites XXVIII-XXXIV, of which it is composed. 

Eyes, two pairs, lying within the middle brown band on the 
anterior sucker, one pair on either side of the mid-dorsal line- 
The component eyes of each pair are linear in form and, without 
actually touching, are inclined together at an acute angle having 
its vertex pointing towards the margin of the sucker. 

Complete somite formed of 14 rings. An accurate count of 
all the rings present in this little species could not be made 
in the material examined. 

A pair of lateral pulsating vesicles occur in each of the eleven 
somites XIII-XXIII. These vesicles are centred in the trans- 
verse middle line of the somite and lie within the margiual white 
spots. 

In the middle part of the body a ventral ganglion occupies 
rings 7 and 8 of the complete somite. 

The anus is situated in the middle of the last ring. 

The male genital opening lies in the posterior part of somite XI,. 
and the female opening in the posterior part of somite XII. 

The external features of this species are shown in fig. 16, and 
it is to be understood that the dorsal pattern, which is subject 
to some variation in its details, is merely indicated schematically. 
The internal investigation of P. olivacea has been undertaken 
by Dr. Kaburaki, to whom I am indebted for the information 
conveyed by fig. 17. There are six pairs of testes. The intestine 
leaves the crop (or stomach) at a point behind the sixth pair 
of lateral diverticula, between somites XVIII and XIX, and 
the posterior portion of the crop, consisting of a single, undivided 
csecum, extends beneath it as far as somite XXV and is also 
provided with lateral pouches. 

Dimcnsions .—Approximate total length when fairly extended,. 
10*75 mm., the greatest widtb of the body being about 1*50 mm. 

HosU and Habitat.—Picicola olivacea has so far only been 
recorded in India from the Chilka Lake, where it is of frequent 
occurrence in more or less brackish water. It has been taken 
there:— 

(1) From the Sting Kay, Trygon sephen , Eorsk. “ On the 
lower surface of the body, in the gill-slits, near the anus. 

E 



IOHTHYOBDEI/I/IDJ& 


r>o 


eyes 



Pig. 16. —Piscicola olivacea, Harding, 1920. Diagram showing dorsal pattern 
and other external features. Somites numbered in Eoman figures. 
p.ves. 1, p.ves. 11. Pulsating vesicles (shown on one side only). 
an. Anus. (After Harding.) 
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yj m _ Piscicola olivacea. (After Kaburaki.) Diagram showing alimenfary 

traot, reproductive systein and~ ventral nerve-cord. Somites numbered 
in Boman figures. a.g.m. Anterior ganglionic mass. p.g.m. Posterior 
ganglionic mass. gang. Veutral gangJion. mth. Mouth-opening. s.g . 
Salivary glands. st. Stomach. int. lntestine. rt. Rectum. cce. Caecum. 
an Anus. ej.c. Ejaculatory canal. ov. Ovary. t. Testis. 

u2 
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and within the mouth on the palate.” (sp. gravifry of 
wafrer 1*007-1*011). 

(2) IFrom the Globe fish, Tetrodon reticularis , Bl. (sp. gravity 

of water about 1*026). 

(3) Erom Ghatoessus chacunda , Ham. Buch. 

The late Br. Annandale recorded specimens from a small pool 
of almost fresh water on Barkuda Island, Lake Chilka, and 
noted that in this pool the only vertebrates were frogs ÇRancn 
cyanophlyctis), 

P. olivacea also occurs in China, two specimens from Soochow 
having been described by Moore (1924, p. 346). 

6. Piscicola caeca, Kaburaki, 1921. (Pig. 18.) 

This species can only be referred to the genus Piscicola pro- 
visionally. Although possessing certain features seen in Piscicola r 
the absence of pulsating vesicles, with the important modification 
of the coeloraic system which this absence implies, together with 
the absence of eyes, is sufficient to distinguish it from members 
of that genus. It would be unwise to clogmatise further, however^ 
without additional investigation and until certain Ichthyobdellid 
genera which are still subjects of controversy are more clearly 
defined. The following brief diagnosis of P. coeca (of which no- 
exaraple has been seen by the vvriter) is based on the detailed 
description given by-Kaburaki (1921, p. 666). 

Description .—The slender, fusiform, translucent body is much 
flattened and has faded in alcohol to a uniform greyish-vvhite- 
colour without any trace of pattern. 

Anterior sucker nearly circular, cup-shaped and about half 
as wide as the heart-shaped posterior sucker. 

No eyes and no lateral pulsating vesicles. 

Complete somite formed of 14 rings. 

The male genital opening lies in somite XI, and the female 
opening in somite XII, fourteen rings behind the male. There 
are six pairs of testes. 

The digestive tract closely resembles that of Piscicola olivacea. 
The mouth opens in the middle of the cupulifprm anterior sucker,. 
and the anus lies between soraites XXVI and XXVII. The 
crop (or storaach) is provided \vith ten pairs of lateral diverticula. 
Six pairs of these diverticula lie in front of the juuction with the 
iutestine (between soraite’s XVIII and XIX) and the remaining: 
four occur in the single, undivided caecum vvhich extends beneath 
it. 

Dimensions. —Length, 13 ram, ; greatest width, approximately,. 

1 mm. 

Posts and Hahitat. —The four individuals examined were taken 
from the brackish waters of the Chilka Lake. Three of these* 
yvere found upon the Sting B-ay, Trygon sephen , Korsk. “ attached 
outside, close to the junction of the skin and teeth on both 
upper and lower jaws.” 
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Pig. 18 .—Piscicola ceeca, Kaburaki, 1921. (After Kaburaki; the lettering 
slightj modified.) Diagram showing external and internal features. 
Somites numbered in Roman figures. a.g.m. Anterior ganglionic mass. 
p.g.m. Posterior ganglionic mass. gang. Ventral ganglion. mth. Mouth- 
opening. prb. Proboscis. s.g. Salirarj glands. st. Stomach. cce. Caecum. 
int. Intestine. an. Anus. ej.c. Ejaculatory canal. ov. Ovary. t. Testis. 
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Genus PTEEOBDELLA, Kaburaki, 1921. 

Leeches inhabiting brackish water, ectoparasitic on fish. Bodjr 
sinooth and divided into tliree distinct regions, of which the- 
anterior two are each provided with paired, lateral, fin-like 
processes. Without eyes or pulsating vesicles. Crop (or stomach). 
with five pairs of lateral diverticula and without a posterior 
caecum. Five pairs of testes. Complete somite formed of 
fourteen rings (?). 

7. Pterobdella amara, Kaburaki, 1921. (Eigs. 19 & 20.) 

Pterobdella amara , n. g., n. sp. Kaburaki, 1921, p. 668. 

The brief notice here given of this remarkable species, which I 
have not had the opportunity of examining, is summarized from 



Fig. 19 .—Pterobdella arnara, Kaburaki, 3921. Dorsal aspect, greatly 
enlarged. (After Kaburaki.) 


Kaburaki’s original description, and the diagnosis of the new 
genus which is added here, is based on information obtained 
from the same source. 
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Fig. 20 .—Pterobdella amara, Kaburaki, 1921. Diagram showing somites, yen- 
tral nerve-cord and the digestive and alimentarj systems. (After Kabu- 
raki.) Somites numbered in Roman figures. mth. Mouth. a.g.m. An- 
terior ganglionic mass. p.g.m. Posterior ganglionic mass. gang. Ventral 
ganglion. prb. Proboscis. s.g. Salivary glands. ov. Ovary. v.d. Yas 
deferens. t. Te9tis. st. Stomacli. int. Intestine. rt. Kectum. an. Anus. 
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Description .—Body depressed anteriorly, nearly circular pos- 
teriorly, and divided into three well-marked regions. The two 
anterior regions are each expanded laterally into paired, flattened, 
fin-like processes, a combination of features seen in no other 
known leech (see fig. 19). Ground-colour of the body white, 
occasionally with numerous minute pink spots on the dorsal 
surface. 

Anterior sucker small, excentrically attached and somewhat 
campanulate. Posterior sucker a centrally attached, thick, 
circular disc about equal iu width to the posterior part of the 
body. 

No eyes. 

Bings, in the individuals examined (which were preserved in 
alcohol), merged into irregular groups and not sufliciently distinct 
to render a correct count possible. Complete somite, as far 
as could be judged, formed of fourteen rings. 

The reproductive and alimentary systems, ventral nerve-cord 
and distribution of somites are shown in fig. 20. The re- 
productive organs are of simple structure and open by a common 
pore situated a little in front of the division between somites XI 
and XII. Five pairs of testes. 

The mouth opens in the centre of the anterior sucker, the 
cesophagus is unusually long and the crop or stomach is provided 
with but five pairs of lateral diverticula. The posterior extension 
of the crop, characteristic of the IchthyohdellidaB, which takes the 
form of a caecum or of paired caeca, is absent. The anus opens 
between somites XXVI and XXYII. 

There are no pulsating vesicles. 

Dimensions .—Length, 10 to 12 mm.; width, 2 to 3 mm. 

Hosts nn&Habitat .—The examples of Pterobdella amara described 
were taken in the brackish waters of the Chilka Lake, from 
the Sting Rays, Trygon sephen , Forsk., and Trygon uarnack , Forsk. 
Usually the leeches were found firmly adhering to the gums 
of their hosts. 
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Family GLOSSIPHONID^. 

Clepsinida , Apathy, 1888 5, p. 784. 

Freshwater Rhyuchobdellas with ovate, flattened, never cylin- 
■drical body. Anterior sucker ventral and fused with the body. 
Po8terior sucker cupuliform, distinct from the body, with a more 
or less ventral aspect. Crop (or stom'ach) aud intestine vvith 
•conspicuous paired lateral caBca; the intestine always vvith four 
pairs. The eggs, enelosed in m^mbranous sacs, are fixed and the 
yroung attach themselves to the ventral surface of the parent. 


Genus GLOSSIPHONIA, Johnson, 1816. 

GU)88iphonia % Johnson, 1816, p. 25. 

Glossopora , Johnson, 1817, p. 21. 

Erpobdella , Blainville, in Lanmrck, 1818. 

Clepsine f Savigny, 1822. 

Glossobdella , Blainville, 1828, p. 564. 

Clepsina, JKilippi, 1837. 

Glossosiphonia , R. Blanchard, 1894, p. 24. 

Glossiphonidte generally of small size, vvith tliree or rarely with 
two pairs of eyes. Complete somite formed of tliree rings. 
Crop (or stomach) vvith six, or rarely vvitb seven pairs of sub- 
lobate, lateral caeca, the last and longest pair refiected posteriorly. 
Mouth-opening vvithin the anterior sucker. 

«8. Glossiphonia complanata, LinnaBus, 1758. (Figs. 21 & 22.) 

Hirudo complanata , Linnaeus, 1758, p. 650 ; 1767, p. 1079. 
Glossiphonia tuberculata , Johnson, 1816, p. 25. 

Ciepsine complanata , Savigny, 1822, p. 120. 

Glossiphonia sexoculata , Moquin-Tandon, 1846, p. 353. 

Glossiphonia cimitormis , Baird, 1869, p. 317. 

Clepsine eleyans , Verrill, 1872, p. 684. 

Clepsine pallida , Verrill, 1872, p. 684. 

Clepsine sexoculata, Apathy, 1888 a, p. 154. 

Glossosiphunia complanata , R. Blanchard, 1894, p. 27. 

Glossiphonia elegans, Castle, 1900, p. 46. 

(For complete synonymy and literature, see Harding, 1910, 
p. 158.) 

Description .—The body of tbis vvell-known leech is ovate- 
elliptical, translucent and generally of a dull green or brownish 
colour. Typically there are six longitudinal rows of yellowish 
epots which lie ou the middle or sensory annulus of each somite, 
and correspond to the iuner paramedian, intermediate and outer 
paramarginal papillse and sense-organs. 



58 


GLOSSIPHONIDJE. 


The coloration and markings are very variable, but the species 
can usually be recognized by two conspicuous longitudinal dark 
brown interrupted lines upon the dorsal surface which appear in 
an inner paramedian position, the interruptions being due to the 
paramedian spots on each sensory ring. A pair of similar, though 
less conspicuous, dark lines occur ventrally, but rarely traverse 
the full length of the body. Apathy (18886, p. 791) gives specific 
rank to a brownish form with six narrow longitudinal dark brown 
stripes ( 0 . concolor) which, as Blanchard considered, is not more 
than a variety of G . complanata. Burther investigation mav lead 
to the subdivision of this widely-distributed species. 

The six eyes lie in two close sub-parallel rows. The first and 
smallest pair, which sometimes may be absent, usually lie in 
the anterior part of somite III and are directed obliquelv 



Fig. 21 .—Glossiphonia complanata, Linn., 1758. Diagrammatic representation 
of anterior part of dorsal surface. Somites numbered in Roman and 
rings in ordinary figures. i.l . Interrupted dark lines. 

forward. The second and largest pair, which are also pointed 
forward and to the side, lie in the posterior part of somite III. 
The Jast pair are directed obliquely backward and lie in the 
uniannulate sornite IV 

Ring8 68, of which two are usually preocular. Somites I~IY 
and XXYI-XXYII uniannulate, Y-XXIY complete with three 
rings and XXY biannulate. Somite III shows signs of sub- 
division, and Moore (1924, p. 349) notes that this is more or 
less well marked in Indian examples. The first and second rings 
of somite Y are usually imperfectly separated ; the first ring 
forms the posterior boundary of the anterior sucker. 

The male genital orifice lies between somites XI and XII, and 
the female orifice lies between the second and third rings of the 
latter somite. 

The anus opens in the anterior part of somite XXVII. There 
are ten pairs of testes, and the crop or stomach has six pairs 






GLOSSIPHONIA. 


59 



XXII^ 


Fig. 22 .—Glossiphonia complanata , Linn., 1758. Diagram showing alimen- 
tary tract, reproductive system and annulation. mth . Mouth-opening. 
prb, Proboscis. sal.g. Salivary glands. st. Stomacli- int. Intestine* 
rt. Bectum. an. Anus. np. Nephridiopore. ej.c. Ejaculatory canal. 
t.p. Terminal portion of ejaculatory canal. tl,tlO. First and sixtb 
pair of testes. ov . Ovary. (After Harding; modified.) 
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■of lateral diverticula, the last and longest, as usual, being 
reflected posteriorly. 

The reader is referred to figs. 21 & 22, and it is to be noted 
that these are based upon an English individual. 

Dimensions. —Length, at rest, 15-20 mm.; greatest width, at 
rest, 5-9 mm. Length,fully extended, up to about 35 mm. The 
Indian specimens referred to below ranged from 6*5 mm. to 
21*2 mm. in length. 

Hosts and Habitat.—Glossiphonia complanata has been recorded 
from India for the first time by Moore (1924, p. 348), who 
-describes specimens taken at Srinagar and in the Jhelum Yalley, 
Kashmir. These were not associated with a host. 

The species is sluggish, and is found in ponds and slow-moving 
streams, often resting upon or beneath stones and on aquatic 
vegetation. It is parasitic chiefly upon freshwater snails. It is 
found in the United States and in Europe, where it is often ex- 
<;eedingly common; and its range appears to extend through Asia 
to Japan, where it has been recorded by Oka. That it wanders 
into parts of Northern India has now been shown by Moore. 

9. G-lossiphonia heteroclita, Linnaeus, 1761. (Fig. 23.) 

Hirudo heteorclita , Linnaeus, 1761, No. 2085, and 1767, p. 1080. 

Hirudo hyalina , O. F, Miiller, 1774, p. 49. 

Hirudo pappillosa , Braun, 1805, p. 64. 

Hirudo trioculata , Carena, 1820, p. 803. 

Clepsine carence , Moquin-Tandon, 1826, p. 105. 

Glossiphonia heteroclita , Moquin-Tandon, 1846, p. 858. 

Clepsine heteroclita , Whitman, 1878, p. 2: Apathy, 1888 a, p. 154; 

Oka, 1894. p. 81. 

Glossosiphmia heteroclita , K. Blanchard, 1894, p. 26. 

For complete synonymy, see Harding, 1910, p. 155. 

Description. —The body of this well-known and widely-distributed 
species is ovate acuminate, flattened, smooth, transparent, and of 
a elear amber-yellow colour. Pigmented areas of a darker colour 
may or may not be present on the dorsal surface. Apdthy (18885, 
p. 790) describes a variety ( striata) having a deep black, often 
interrupted trausverse stripe upon every third ring, and notes the 
occurrence of transitional stages between this and the elear un- 
piguiented form. Castle (1900, p. 42, pl. viii, fig. 38) finds in the 
United States all gradations between the clear yellow form and a 
forra with an irregular longitudinal band and transverve strim, 
due to aggregations of black, dark brown or orange superficial 
pigraent-cells. The striae occur on the first rings of successive 
somites. Individuals of the clear yellow type are the most fre- 
quent in Northern Europe. The three pairs of eyes vary to some 
extent in position. The first pair usually lie in ring 5, and the 
seeond and third pairs are situated respectively in rings 7 and 8. 

The first and smallest,pair of eves are closely approximated; in 
typical cases the right and left components of the seeond and third 
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23 .—Glossiphonia heteroclita , Linn., 1761. Diagram showing annulation r 
alimentary t.ract and reproductive system. Somites numbered in Koman, 
and rings in ordinarj figures. mth. Mouth-opening. prh. Proboscis. 
s.g. Salivary glands. st. Stomach. int. Intestine. rt. Rectum. an. Anus. 
tp. Terminal portion of ejaculatory oanal. v.s. Vesicula seminalis or 
seminal reservoir. v.d. Yas deierens. t. Testis. ov. Ovary. 
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pairs (which are widely separated) also lie near together, and thus 
the eyes form three groups, corresponding to the points of an 
equilateral triangle. A similar arrangement is seen in Glossijphonia 
weberi . The full number of eyes is not always complete. 

The male and female genital ducts open by a common pore 
between the first and second rings of somite XII. Eor further 
information regarding the annulation aud anatomy of this species, 
the reader is referred to fig. 23. 

Size. —Lengt-h at rest, 10-13 mm.; greatest width, at rest, 
approximately 4 # 5 mm. Individuals in full extension may attain 
a length of nearly 17 mm. 

ffosts and Habitat .—This species is widely distributed in North 
America and Europe, and is parasitic for the most part upon 
Gasteropods. 

Oka (1922, p. 522) describes four small leeches, of which one 
was taken in the Yawng-hwe Yalley and three in the Inle Lake, 
Southern Shan States, Burma, which he refers to this species, his 
identification being based chiefly upon the triangular disposition 
of the six eyes, vvhich it shares, as noted above, with G. iveberi. 
The three leeches from the Inle Lake were takeu from the 
Gasteropod, Pachylabra maura , Beeve. 

10. Glossiphonia weberi, R. Blanchard, 1897« (Plate II, fig. 10; 
and fig. 24.) 

Glossosiphonia iveberi, R. Blanchard, 1897 (6), p. 332; Kahuraki, 
1921 (6), p. 695, fig. 1; Moore, 1924, p. 351. 

Much of the following diagnosis is based upon the detailed 
description given by Kaburaki. As that vvriter states, the real 
difference betvveen G. iveberi and the closely-allied and well- 
known G. heteroclita consists in the possession by the former 
species of numerous well-developed papilloe on the dorsal surface. 
The normal position of the eyes and of the common genital pore 
differs in each case, but these criteria are not reliable, siuce it is 
well known that the eyes in both species vary in position, and 
recently I have observed the same variability of situation in the 
genital orifice of G. iveberi. In the case of material subjected to 
the accidents of preservation, when pigment may be vvashed out 
and papillae obliterated, it is often difficult to decide to vvhich of 
the two species it is to be referred. G. heteroclita often develops 
a certain amount of dorsal pattern, and G. lueberi appears to be a 
tropical form derived from it which has just, and only just, 
attained to specific. rank. 

Descnption .—Body translucent, ovate-acuminate, in contraetion 
nearlv t.riaugular, the dorsal surface with a roughened appearance, 
due to tne presence of numerous small tubercles disposed trans- 
versely upon every ring. 

In addition to these tubercles the dorsal surface bears a series 
of prominent metameric papillae (see fig. 24), which form seven 
longitudinal rows extending from somite Y to the posterior 
extremity. The papillse composing six of these rows consist of a 




Fig. 24.— Glossiphonia weheri , R. Blanchard, 1897. Diagrams representing 
(A) dorsal aspeot, showing external features, and (B) ventral aspect, 
ehowing reproductiveorgans, digestive tract, etc. (After Kaburaki; slightly 
modified.) The dorsal diagram (A) shows the seven longitudinal rows of 
papillaB in dotted outline, the dark pigment being indicated by dotted 
shading. Somites numbered in Roman, and rings in ordinary figures. 
mth. Moutb. a.g.m. Anterior ganglionic mass. prb. Proboscis. s.g . 
Salivary glands. st. Stomach. int. Intestine. rt. Rectum. an. Anus. 
ej.c. Ejaculatory canal. t . Testis. ov. Ovary. Certain parts are shown 

on one side only, for the sake of clearness. 
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paramedian and a paramarginal pair lying on the firsfc ring of eacfo 
somite, and of an intermediate pair situated upon the second ring- 
The papillaB forming an unbroken inedian row occur upon every 
ring, that situated upon the tirst ring of the somite being smaller 
than those upon the other two rings. 

The general colour, in alcohol, varies from greyish or greenish- 
white to orange, and, usually, five longitudinal rows of dark brown 
or blac-kish pigment spots or patches traverse the dorsal surface. 
This pigment, during life, is described as “ very dark and purplish- 
red.” The pigment spots composing these rovvs occur only upon« 
the middle ring of each somite, and consist of a pair of marginal 
patches and of three spots coinciding respectively with the median 
and intermediate papillse. Tbe papillaB and pigment spots referred 
to are apt to fluctuate in size and may not ail be present, and the 
dorsal pattern, taken as a whole, is subject to considerable varia- 
tion. In many cases this is reduced to a single median stripe, 
and, again, this stripe may be interrupted in each somite, and so be 
further reduced to a median row of spots. 

Posterior sucker small, less in diameter than half the greatest 
width of the body and bearing on its upper surface paired radial 
stripes of the same dark pigment which occurs upon the body. 

Ring8 70, of whicli five are generally preocular. Rings 5 and 6 
unite below to form the posterior margin of the anterior sucker. 

Somites I-IY are absorbed by the liead-region; the twenty 
somites 'V-XXIY are complete with three rings; somites XXY- 
XXYII are represented by the last four rings. 

Three pairs of eyes, somewbat variable in position, but usually 
situated upon the three successive rings 6, 7 and 8. The first 
pair lie near together; the components of the second and third 
pairs (which are vvider apart) are also closely apposed, and tbus- 
the eyes tend to form three groups eorresponding to the points of 
a triangle. 

The male and female genital ducts open by a common pore 
generally situated between rings 27 and 28, that is, between 
somites XI and XII. The position of this pore varies, however,. 
from the middle of ring 27 (vvhere R. Blanchard found it) to the 
groove betvveen rings 28 and 29. 

The anus opens between the last ring and the last ring but one.. 

The alimentary and reproductive systems are indicated schema- 
tically in fig.. 24, and call for no special remark. 

Dimensions .—Large individuals attain a lengfch of about 12 mm., 
the greatest width being about 5*5 mm. 

Hosts and Habitat .— G. weberi is widely distributed. R. Blan- 
chard founded the species upon material received from Lake 
Manindjau, Sumatra, and it has since been recorded from (a) and 

(b) Bhim Tal, 4450 ft., Gurud Tal (near Sat Tai), 4550 ft., and 

( c) Naini Tal, 6300 ft., Kumaon, W. Himalayas; (d) a stream 
at Harw^an, Kashmir; (e) Janikpur, Nepal; (/) Selai Kusi, Man- 
galdi, Assam; (g) N. end of Logtak Lake, Manipur; (h) Canal,. 
Thantaung, W. side of Inle Lake, Nyaungywe State, Burma; 
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(t) Lahore; ( j) in and near Calcutta; (A*) Diamond Harbour, R. 
Hoogli; (l) and (m) Cuttack, and Puri, Orissa; ( n ) S. end of Lake 
Chilka, N.E. Madras; (o) and ( p) Chaibasa and Chakardharpur, 
Singbhum Dist., Chota Nagpur; (q) Burhanpur, Cent. Provinces; 
(r) Sangur, Cent. Provinces; (s) Itarsi, Hoshangabad Dist., Cent. 
Provinces; (t) Old bed of R. Narbada, N. of Babai, Hoshangabad 
Dist., Cent. Provinces ; and (u) Whitefield, near Bangalore. 
G . ioeberi preys upon Gasteropods, the actual hosts hitherto 
recorded being species of Ampullaria , Paludina and Limncea . It 
also attacks aquatic beetles, Dr. S. Kemp having found it upon the 
bodies of Dytiscidse and upon a species of Hydrophilus at the end 
of a lake on Bhiin Tal, Kumaon, W Himalayas. 

11. Glossiphonia reticulata, Kaburaki, 1921. (Pig. 25.) 

The folloxving brief diagnosis of this species is based upon the 
origiual description, given by Kaburaki, of a single individual in 
the possession of the Indian Museum. 

Description. —Body slender, translucent, attenuated anteriorly, 
with the head-region somewhat dilated. Dorsal surface with a 
roughened appearance, due to the presence of numerous papillas, 
and covered, like tlie ventral surface, with pigment, more or less 
reticulately distributed, which has faded in the preservative fluid 
to a uniform olive-grey hue. 

Anterior sucker very small, less tban half the width of the 
posterior sucker. Posterior sucker eircular, nearly centrally 
attached and rather less than half the greatest width of the body. 

Rings 72, of which three are preocular. 

fcJomites I-IV are represented by the first six rings; the twenty 
somites V-XXIV are complete with three rings; somites XXV- 
XXVII are represented by rings 67-72. 

Eyes two pairs; the first pair lie in riDg 4, and the second and 
larger pair (in which the eyes are more widely separated) in ring 5. 

Male genital orifice situated between rings 26 and 27 in somite 
XI; feraale orifice situated tvvo rings behind the male, between 
rings 28 and 29, in soraite XII. 

The raouth opens within the anterior sucker, a little in front of 
the centre, and the anus lies between rings 70 and 71, being 
separated from the posterior sucker by two rings. The crop (or 
stomach) has 7 pairs of branching diverticula. 

Dimensions .—Approximate total length, 11 mm.; approximate 
greatest width, 2 mm. 

ffost and ffabitat .—The single specimen examined was found 
attached to the mantle of a species of Anodonta at Jullundhur. 

12. Glossiphonia annandalei, Oka, 1922. (Fig. 26.) 

The wTiter has not had the opportunity of examining examples 
of this remarkable species, and is indebted here to Oka’s original 
description, which has been collated with the subsequent observa- 
tions of Moore, 1924, p. 350. 
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Fig. 25 .—Glossiphonia reticulata , Kaburaki, 1921, (After Kaburaki; slightly 
modified.) Diagram showing external features and alimentary tract. 
Somites numbered in Eoman, and rings in ordinary figures. a.g.m An- 
terior ganglionic mass. mtK. Mouth-opening. prb. Proboscis. st. Sto- 
mach. int, Intestine. rt. Eectum. an. Anus. 
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Description .—Body elliptie-lanceolate, little flattened, having a 
nearly stnooth surface devoid of conspicuous papillae, knd the head- 
region very slightly dilated. Oka’s specimens, in alcohol, are 
descrihed by him as being of a unifonn pale grey colour. Moore’s 
oxamples, on the other hand, were accompanied by the collector’s 
notes on the coloration during life, which is described as “ pale 
flesh-colour with minute dark dots on the dorsal surface, tending 
to run into hair-like lines.” 

Anterior sncker bounded posteriorly by the fifth ring and per- 
forated by the sinall mouth-opening a little in front of the centre 
of its cup. Posterior sucker circular, and less in diameter than 
the greatest width of the body. 

Rings 68, of which three are preocular. Somites I-III and 
XXYII uniannulate; IY biannulate, formed of an anterior broad 


0 

u 


b c 

Fig. 26.— Glossiphonia annandalei , Oka, 1922. (After Oka.) a. Outline of 
entire leoch, X 3. b. Somites I-X, dorsal view showing eyes, X 30. 
c. Somites I-IX, ventral view shovving mouth-opening, X 30. 

aud a posterior narrow ring; V and VI also biannulate, but formed 
•of rings of almost equal width. The eighteen somites YII-XXIY 
are triannulate, with rings of equal size; XXY and XXYI bi- 
anuulate, with the anterior ring about twiee as broad as the 
posterior. 

The three pairs of eyes occupy a position unique among the 
<xlossiphonidae, and so provide a ready means of recognizing this 
epecies. On the posterior part of ring 4 lie two pairs of eyes, 
consisting of a small median pair situated between the components 
of a much larger pair. Another pair of large eyes lie on ring 5, 
immediately be!ow the large eyes on ring 4. The openings of the 
pigment cups of all the eyes on ring 4 are directed forward, those 
of the eyes on ring 5 being directed backward. The pigment-eups 
of the large pairs of eyes lying respectively on rings 4 aud 5 touch 
At their bases. This arrangement is shown in fig. 26. 

f 2 
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The genital orifices are separated by tvvo rings. The mttle pore- 
opens in the furrow between rings 24 and 25, thafc is, between 
somites XI and XII, and the female pore opens between rings 
and 27. There are six pairs of testes. 

The seventeen pairs of nephridiopores lie befcween the first and 
second rings of the somites involved. 

Crop with six pairs of diverfcicula, of which the first five pairs 
are simple and unbranched. The anus opens behind the Iast ring. 

Dimensions .—The largest member of this species examined by 
Oka measured 6 mm. in lengfch, its greatesfc width being 2*8 mm. 
Moore describes three examples of oqual size which were 6*5 mm^ 
long with a maximum width of 1*2 rmn. 

Hosts and Habitat .—Oka’s specimens were found in the centraL 
region of the Inle Lake, Southern Shan States, Burma, on a snail 
of the Bamily Yiviparidas, Taia intha , Annandale. The examples 
examined by Moore were Indian, having been taken in a fresh- 
water pond on Samal Island, Chilka Lake, Madras Presidency. 
In this instance no host was recorded. 


Genus HELOBDELLA, B. Blanchard, 1896. 

Small Glossiphonidse \vith one pair of eyes. Complete somite 
formed of three rings. Body generally without papillse. Mouth- 
opening wifchin the anterior sucker. Head-i’egion continuous 
with the rest of the body. Crop (or stomach) with six pairs of 
simple lateral caeca, the last and longest reflected posteriorly. 
Sometimes \vith a dorsal chitinous scute. 


13. Helobdella stagnalis, Linnaeus, 1758. (Pig. 27.) 

Hirudo stagnalis , Linnaeus, 1758, p. 649. 

Clepsine bioculata , Moquin-Tandon, 1826, p. 102. 

Glossosiphonia stagnalis , R. Blanchard, 1894, p. 25. 

Helobdella stagnalis, R. Blanckard, 1896, p. 4. 

[For complete synonymy, see Harding, 1910, p. 162.] 

Owing to the courtesy of Dr. H. A. Bayliss, I was enabled, in- 
1922, to examine an individual of this species vvhich had been sent 
to the British Museum of Xatural History from the Himalayas. 

Deso'iption .—This widely distributed species, here recorded from 
India for the firsfc time, has a slender translucent body of a uni- 
form greenish, yellowish or browuish hue finely speckled with 
black. A dorsal circular chitinous plate or scute, situated between 
the twelfth and tbirteenth rings, forms the mosfc striking external 
feature. A similar scute is present in the South American species 
Helobdella scutifera (R. Blanchard, 1900). Posterior sucker srnall, 
its widfch being not greater than about half the greatest width of 
the body. 

Rings 68. The somites are not readily distinguished by external 
observation. Somites I-Y are represented by the first five rings;; 
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somites YI-XXIV are complete with three rings, and somites. 
XXV-XXVII are represented by rings 63-67 (see Castle, 1900, 
p. 22, pl. ii, fig. 4). 

The two closely approximated eyes lie in tbe third ring or 
between rings 2 and 3. 

The male genital orifice is situated between rings 24 and 25 
(the first and second rings of somite XII), and the female orifico 
is situated one ring behind the male, between the second and third 
rings of somite XII. The anus lies between the sixtv-seventh 
and the last and incomplete sixty-eighth ring. 

The first five pairs of lateral gastric casca, when undistended by 
food, may become retracted and consequently difficult to detect. 

Dimensions. —Length, at rest, 8-12 mm.; approximate width, at 
rest, 4 mm.; length, fully extended, as much as 26 mm. The 
Indian example was approximately 6 mm. long. and 2*5 mm. in 
width. 

Efosts and Habitcit.—Helobdella stagnalis is met with in lakes, 
ponds, ditches and sluggish streams, often resting upon aquatic 
plants, and although parasitic chiefly upon Gasteropods, it preya 
also upon a considerable variety ot‘ small freshwater invertebrates, 
and has been noticed occasionally on tlie bodies of frogs, newts 
and injured fish. It is found in Canada and in the United States 
from the Atlantic to the Pacific coast. In South America it has 
been recorded froin Paraguay and the western slopes of the Andes, 
and its range extends throughout the greater part of Europe into 
Western Asia and the Himalayas. It probably occurs throughout 
the northern and southern temperate regions of the globe. The 
Indian example recorded here was accompanied by a note stating 
that it had been taken by Mr. M. E. Moseley from a stream at an 
altitude of 11,000-12,000 ft. in Kashmir. 

14. Helobdella nociva, Harding, 1924. (Plate II, fig. 9; and 
fig. 28.) 

Description .—Body claviform.. slender anteriorly, with the head- 
region somewhat dilated, without a dorsal scute. Anterior sucker 
with fine transverse ribbingon its inner surface. Posterior sucker 
small, less in width than half the greatest width of the body. A 
water-colour drawing from life, for which I am indebted to tho 
late Dr. Annandale, shows a translucent body (through which tho 
dark contents of the digestive tract can be discerned), of a pinkish 
hue where thinnest, dull green in the thicker parts, with five 
brown, longitudinal dorsal stripes o£ which one is median, and 
having the bluish-grey posterior sucker rayed with white. 

Eings 70. There are three preocular rings; ring 9 is the first 
to encircle the body, and so forms the first ventral annulus; ring 
68 is double at the margins, but not entirely divided. 

The single pair of eyes occupy ring 4. 

Two dorsal pairs of papillae (all that could be made out in the 
individuals examined) situated one pair on either side of the- 




Fig. 28 .—ffelobdella nociva , Harding, 1924. (After Harding.) Diagram 
showing external features and the reproductive and alimentary systems. 
Soroites numbered in ftoman, and rings in ordinary figures. mth. Mouth- 
opening. prb. Proboseis. sal.g. Salivary glands. ej.c. Ejaculatory canal. 
t.p. Termiual portion »*f ejaculatory canal. vas.d. Vas deferens. t. Testis. 
ov. Ovary (shown on side only for the sake of clearness). st. Stomach. rt, 
Bectum. int. Intestine. an. Auus. The dotted portion of the alimentary 
tract could not be seen owing to the imperfect state of the material. 
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median line, distinguish the middle or primary ring of each somite. 
Somite I uniannulate; II, III IV biannulate; the 19 somites 
Y-XXIII complete with three rings. Somites XXIV-XXYII 
are represented by the six rings 65-70. 

The reproductive and alimentary systems are shown in fig. 28. 
(The parts indicated by the dotted lines were not clearly seen, 
owing to the defective state of the material.) 

The male genital orifice lies between rings 28 and 29, that is, 
betvveen somites XI and XII. The female orifice is separated 
from the male by two annuli, being situated between rings 30 
and 31 in somite XII. 

The genital organs call for no special comment, with the excep- 
tion of the ovaries, which are rnuch coiled and verv long, extending 
as far as somite XVI. 

The mouth opens within the anterior sucker a little in advance 
of the centre. The six pairs of crop (or stomach) cseca are 
somewhat lobed. The anus opens between rings 69 and 70, being 
separated by the space of one ring from the posterior sucker. 

Divnensions .—Approximate size of largest individual: total 
length, 7*5 mm.; greatest vvidth, 1*5 mm. 

Host and Habitat .—No host is recorded. The material examined 
came from two sources, and was accompanied by the follovving 
notes:— 

(а) “ On steins of water plants and on under surface of Canna 

leaves dipping into the water, in a small pond of fresh 
water dug in sand and overshadowecl by trees at Puri, 
Orissa.” (Dr. X. Annandale and Dr. P. H. G-raveley 
coll.) 

(б) “ On under surface of bricks and broken earthenware pots in 

a tank at Kidderpore, Calcutta.” (R. Hodgart coll.) 


Genus PLACOBDELLA, R. Blanchard, 1893. 

Body flattened, with a crustaceous dorsal surface and sometimes 
attaining considerable size. Complete somite formed of three 
rings. Anterior sucker imperforate, the mouth being situated 
upon its anterior rim. Usually one pair of eyes. Crop (or 
stomach) with seven pairs of branching diverticula. Parasitic 
chiefly upon turtles, batrachians and fish. 

The largest species of this genus inhabit the United States, 
where examples of P. parasitica (Say, 1824) may be met with 
which attain a length of as much as 60 mm. when at rest, and 
more than 80 mm. when fully extended. The eyes of several of 
these Amerioan species, when subjected to refined methods of 
examination, have been found to be compound. The crustaceous 
or roughened aorsal surface seen in members of this genus is due 
to the presence of numerous small cutaueous papillee closely set 
upon every ring, and the termiual mouth-opening, aithough not 
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peculiar to Placobdella , is somevvhat uncoramon and an easily 
recognized and valuable character. 

The Indian species of Placobddla at present definitely known 
are of comparatively small size, and probably attack a wider range 
of hosts than are here recorded. 

15. Placobdella ceylanica, Harding, 1909. 

Glossiphonia ceylanica y Harding, 1909, p. 233. 

Glossosiphonia ceylanica f Kaburaki, 1921 a, p. 671, fig. 6. 

Placobdella ceylanica , Moore, 1924, p. 357, pl. xix, fig. 7 and pl. xxi, 
fig. 25. 

Iu 1909 I received a single, impert’ectly preserved example 
of this little leech, and published a briet', preliminary description 
of it which has proved to be not free from error. In 1921, 
Kaburaki, working upon further material from India, was able 
to make a more compiete examinatiou of the species, and his 
results, iu 1924, were revised by Moore, wlio had received additional 
Iudiau examples. Thus, as I am glad to acknowledge, the credit 
of establishiug this species is really due to tliese tvvo authorities, 
upon wkose work the follovviug description is based. I here 
follovv Moore iu referring this species, provisionally at least, to 
the genus Placobdella , on account of the terminal oral opening and 
the seven pairs of gastric caeca; and notwithstanding tbe three 
pairs of eyes. 

Description .—Body lanceolate, smooth, flattened, with the head- 
regiou slightly dilated. Posterior sucker small, its diameter 
being equal to about half the greatest width of the body. 

Colour in alcohol pale buft', grey or brown, somevvhat lighter 
below; dorsal surface witk three longitudinal dark brown lines or 
rows of spots. 

Mouth>opening very small, at the extreme anterior margin of 
the anterior sucker. 

Biugs 71, of vvhich two are preocular. 

Somites I uuiauuulate; II biannulate (the groove betweeu the 
two rings shallow) ; III perfectly biaunulate, the twenty-one 
somites IV-XXIY being complete vvith three riugs. Somite 
XXIV has the third ring reduced, XXV is biaunulate and XXVI 
and XXVII are uniannulate. 

Six eyes disposed in two subparallel rows. The first and 
second pairs of eyes lie respectively in rings 3 and 4; the third 
pair occur ou the sixth ring (the sensory ring of somite IV). The 
separation of the secoud and third pairs of eyes by two rings is 
characteristic of the species. 

Male genital orifice situated betvveen somites XI and XII; 
female orifice two rings behind the male, bet-ween the second and 
third rings of somite XII. 

Crop (or stomach) vvith seven pairs of caeca, the last and longest 
reflected, as usual, posteriorly. The first six pairs and the lobes 
of the last pair bifurcate at their extremities. 



74 


GLOBSIPHONID^E, 


The nephridiopores pierce the middle ring of the somite, but 
their total number could not be ascertained in the material 
examined. The anus lies between the penultimate and the last 
ring. 

JDimensions. —At rest, length approximately 8-13 mm.; greatest 
width, approximately, 3 mm. 

Hosts and Habitcct. — 0. ceylanicci was first recorded from Ceylon^ 
on the Mud-turtle, Emyda granosa vittata. Kaburaki notes its 
occurrence in India at Eavvalpindi, and on Barkuda Island, Chilka 
Lake, Madras Presidency, in a pond where Rctna cyanophlyctis y 
Schmid., was the host. Moore records it from a small freshwater 
pond on Samal Island, Chilka Lake, ofi* Emyda granosa intermedia,. 
and also from a tank iu the Government Garden, Buldana, 
Central Provinces. 

16. Placobdella emyd», Harding, 1920. (Fig. 29.) 

Placobdella emydce, Harding, 1920, p. 614 ; Kaburaki, 1921, p. 701. 

Description. —Body vvith the characters of the genus; in ex- 
tension elliptic-lanceolate; witk the head-region somevvhat dilated. 
The middle ring of tlie somite bears dorsally three pairs of meta- 
meric papillae: a paramedian, an iritermediate and a paramarginal 
pair, the intermediate pair being the largest. 

The ground-colour varies from greyish-green to pale olive-brown, 
the gorged crop or stomach (in the individuals examined) appearing 
dull green through the translucent body. Dorsal surface with a 
white median stripe and profusely speckled with white and a 
darker green. Yentral surface smooth and olivaceous. 

Anterior sucker with a shallovv interior cup having a finely- 
ribbed surface somewhat reseinbling that of the human finger-tip. 
Posterior sucker circular, centrally attached, narrower than the 
widest part of the body, its upper surface bearing paired white 
rays. 

Eings 71. The second and third rings are each subdivided at 
their margins; the fifth is confluent with the free ventral posterior 
edge of the anterior sucker. Eings 6 and 7 are sometimes so 
slightly divided above as to give the appearance of a single ring; 
the former disappears ventrally, leaving ring 7 to form the first 
ventral ring behind the anterior sucker. 

Somites I-III uniannulate; IY, XXY, XXYI and XXYII 
biannulate ; the twenty somites Y-XXIY complete with three 
rings. 

The single pair of eyes usually lie in the third ring, but some- 
times appear between rings 2 and 3. 

Male genital opening sifuated between rings 26 and 27, tbat is, 
between somites XI and XII. Female orifice two rings behind 
the male, between rings 28 and 29, in somite XII. 

The more important external and internal features are shown 
in fig. 29. The anus opens between rings 69 and 70, and thus ia 
separated by tvvo rings from the anterior sucker. There are six 
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Fig. 29 .—Placobella emydce, Harding, 19*20. (After Harcling.) " Diagram 
showing external and internal features. Soinites numberedjin Roman, 
and rings in ordinary figures. prb. Proboscis. sal.g, Salivary glands. 
ej.c. Ejacnlatory canal. t.p. Terminal portion of ejaculatory canal. 
v.s. Vosicula seminalis or seminal reservoir. v.d. Vas deferens. gang _ 
Ventral ganglion. st. Stoinach. rt. Eectum. an. Anus. P n. 1, n. 14.. 
First and fourteenth pair of nephridiopores (on ventral surface). 
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pairs of testes, and large sperin reservoirs connect the vasa 
deferentia and the much coiled ejaculatory canals. Nephridia 
14 pairs. These, which first appear in somite VIII, are absent 
in the clitelJar somites XI, XII and XIII. The nephridiopores 
open in the middle ring of the somite. Each pore lies about mid- 
way between the middle line and the margin of the ventral 
surface, «nd perforates the middle of the ring in which it appears. 

Dimensions .—Total lengt-h, 13*5 mm.; greatest widtb, 9 mm. 

Hosts and Habitat .—The only hosts upon which this leeeh has 
so far been found are Mud-turtles of the genus Emyda . It is 
probably fairly common throughout India, and has been recorded 
from the following places :— 

(a) Outskirts of Calcutta. (5) Gatiagurgh Dist., Hoogli, 
Bengal. (c) River Mahanaddi, Sambalpur, Orissa. (d) The 
Chilka Lake [in the less blackish waters, sp. g. 1*007-1*011]. 
(e) Near Purulia, Chota Xagpur Div. (/) Nagpur, C.P. (g) 
Hoshangabad, C.P. (A) Taloshi (c. 2000 ft.), Koyna Valley, 
Satara Dist. Kaburaki also records it from Burma. 

17. Placobdella inleana, Oka, 1922. (Eig. 30.) 

Glossiphonia inleana, Oka, 1922. 

The writer has not examined any example of this species 
and the aiagnosis given beloxv is a summary of Oka’s original 
description, to which the reader is referred for further information. 
Although the mouth-opening is not absolutely terminal, its 




Fig. 30 —Tlacobdella inleava, Oka, 1922. (After Oka.) a. Outline of entire 
leech, X 3. b. Soinites 1-IX, dorsal aspect showing eyes, X 30. 
c. Somites I-X, ventral aspect sho\ving lnouth-opening, X 30. 

subterminal position, combined with the single pair of eyes and 
the seven pairs of crop diverticula, seem to indicate that this 
species is more nearly related to the genus Placobdella than to 
Glossiphonia , and it is referred here, at least provisionally, to the 
former gen us. 
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Description .—Body ovate-obloDg, somewhat convex bofch above 
and below, with the lafceral margins sharply serrate. The examples 
examined were preserved in alcohol and had faded to a uniform 
pale grey colour with, however, indications of roundish spots 
arranged iu regular series on the dorsal surface. 

Anterior sucker bounded posteriorly by ring 6, with fche mouth- 
opening sifcuated in a subfcerminal position, immediately below the 
eyes. Posterior sucker about half the width of widest part of 
the body. 

One pair of large and distincfc eyes lie upon the second ring, 
with their bases back fco back and nearly touching, the openings 
of their pigment-eups being pointed in a lateral and slightly 
forward direction. 

The number of rings in adult individuals is usually 67 ; the 
annulation, however, presents remarkable peculiarities. 

In this species, as in certain others, the somite limits are 
readily recognizabie externally, owing to the furrows separating 
the rings of contiguous somites being more eonspicuous than the 
other interannular furrows. 

The interannular furrovvs of the three-ringed somites are not 
all of the same depfch, the groove separating the first and second 
rings being shallower than that separating the second and third. 
Again, in most cases, the three rings of a somite are of different 
\vidths, the middle ring being the \videst, the last ring somewhat 
less wide and the first ring ahvavs the narrowest. Some of the 
biannulate somites also have rings of unequal width, the anterior 
riug, in these cases, being the largest. Einally, the number of 
rings increases to- some extent with groxvth, owing to certain 
rings \vhich are single in the young leech becoming divided in 
the adult. It is possible, in this species, “ to observe the various 
stages through \vbich the primitive uniannulate somite of the 
ancestral leech gradually became the typical triannulate somite 
of the Grlossiphonidae.” 

Somites I, II, XXYI and XXYII are always uniannnlate; 
Y, YI and XXIY are ahvays biannulate, and IX-XXII are 
ahvays complete with three rings. The remaining somites vary 
in annulation with the growth of the individual, viz. III, IY 
and XXY are uniannulate in the young leech and biannulate in 
the adult; similarly YII, YIII and XXIII are originally biannu- 
late, but become triannulate as full size is attained. 

Genital openings separated by two rings. In adult fully 
annulated individuals the male pore lies between rings 26 and 27, 
and the female pore betvveen rings 28 and 29. 

There are six pairs of testes, sixteen pairs of nephidia and seven 
pairs of gastric diverticula. 

Dimensions. —Full-grown individuals measure about 9 mm. in 
length and nearly 3 mm. in width. 

Uost and Habiiat .—About sixty examples were taken frorn a 
tortoise, Cyclemys dhor shanensis , Annandale, at Fort Stedman,, 
Inle Lake, Southern Shan States, Burma. 
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18. Placobdella fulva, Harding, 1924. (Plate II, fig. 7; and 
fig. 31.) 

I am indebted to the late Dr. Aunandale for information 
regarding the colour during life of this elegant little species. 

Descrijotion .—Body flattened, in extension claviform and very 
sleruler anteriorly. Upper surface of a hright reddish-yellow hue, 
having in addition to the deep brown markings described below 
a conspicuous longitudinal median cream-coloured stripe and a pair 
of broken, marginal creain-coloured bands. Ventral surface white. 
Dorsally each ring bears a large median papilla, and these papillae 
form a prominent row corresponding to the median cream-coloured 
stripe. An intermediale and a marginal pair of papill® present 
on the dorsal surface of the middle ring of each somite are 
covered by deep brown spots, which are connected longitudinally 
b 3 r dark brown lines. Head-region undilated and continuous 
with the body. Posterior sucker srnall, centrally attached, not 
wider than half the greatest width of the body, with paired 
cream-coloured rays. 

Rings 67. Ring 5 forms the posterior boundary of the anterior 
sucker and is the first to appear on the ventral surface. Ring 63 
is doubled at the margins but not entirely divided. 

Somites T -XXII complete with three annuli. 

The single pair of eyes lie \vithin ring 2, there being one 
preocular ring. 

The male genital pore is situated between rings 26 and 27, that 
is, between the first and second annuli of somite XI; the female 
pores open between rings 28 and 29, that is, between somites XI 
andXII. 

The anus lies between rings 66 aud 67, being separated by one 
ring from the posterior sucker. 

(The accidental destruction of the two individuals upon vvhich 
this species is founded prevented the complete investigation of 
their internal features.) 

Dimensions .—Approximate total length, 13 mm.; approximate 
greatest width, 2 mm. 

Eosts and Ecibitat .—There is no positive record of a host. The 
leeches examined were stated to have been found on the lower 
surface of a dead Unio shell at the edge of a stream, at Purulia, 
Manbhum Dist., Chota Xagpur Div., Bengal (“X. Annandale 
and F. H. Graveley coll. ,} ). 

19. Placobdella undulata, Harding. 1924. (Fig. 32.) 

Description .—The typical elliptic lanceolate form of tbe body is 
modified in adult individuals by a slight constrietion centred at 
the thirtieth ring, immediately behind the female orifice. Dorsal 
surface with a roughened appearance, due to the presence on each 
ring of n»imerous closely-set papillae. Head-region somewhat 
dilated and distinct from the body. Posterior sueker circular or 
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Fig. 31 .—Placobdella fulva, Harding, 1924. Diagram showing external fea- 
tures, digestive tract and nerve-ganglia. Somites numbered in Roman, 
and rings in ordinary figures. ip. Intermediate papilla. mp. Marginal 
papilla. rrdh. Mouth. prs. Proboscis sheath. st. Stomach. int. Intes- 
tine. rt. Rectum. an. Anus. gn. A ganglion of the ventral chain. 
(After Harding.) 











Fig. 32 .—Placobdella undulata, Harding, 1924. Diagram sbowing extemal 
features, reproductive system, alimentaiy tract and nerve-ganglia. 
Somites numbered in Roman, and rings in ordinary figures. mth„ 
Moutb. prb. Proboscis. sal.g. Saliyary glands. stf. Stomach. int. In- 
testine. rt. Eectum. an. Anus. ej.c. Ejaculatory canal (sbown only 
on one side for tbe sake of clearness). t.p. Terminal portion of ejacu- 
latory canal. v.d. Yas deferens. t. 1, t. 6. First and sixth pair of testes. 
ov. One of tbe ovaries. a.g.m. Anterior ganglionic mass. p.g.m. Posterior 
ganglionic mass. gang . A ganglion of tbe ventral chain. (After Harding.) 











THEROMYZON. 


81 


slightly oval, small, ceutrally attached, about. equal in width to 
half the greatest width of the body. Colour faded in alcohol to a 
uniform buff hue. 

Bings 71. King 2 is double at the margins but not entirely 
divided. 

Somites I-IV, which could not be plotted with certainty in the 
material examined, appear to be represented by riDgs 1-6, which 
overlie the anterior sucker. Somites Y-XXIY eomplete with 
three annuli; XXV and XXYI biannulate; XXYII uniannulate. 
Eings 7 and 8,tbe first and second rings respectively ot‘ somite Y, 
unite below to form the first ventral ring; somite Y, therefore, 
is only triannulate dorsallv. 

There is one preocular ring; the single pair of eyes lie in the 
second ring. 

Male genital orifice situated between rings 27 and 28, that is,. 
between somites XI and XII. The female orilice lies tw r o rings 
behind the male, in somite XII, between rings 29 and 30. The 
anus opens between rings 70 and 71, thus being separated by one 
ring from the posterior sucker. 

The reproductive and alimentary systems are shown in fig. 32, 
and conform in all important particulars to the general plan 
characteristic of this genus. The mouth opens in the usual 
terminal position; the salivary glands form paired compacted 
masses; the seven pairs of gastric caBca are moderately lobate; 
the paired pouches of the intestine are somewhat less developed 
than usual. 

Dimensions .—Approximate size of the largest example: total 
length, 17*5 mm.; greatest width, 4 mm.; vvidth at the deepest 
point of constriction (ring 30), 2 mm.; greatest width of head- 
region, *75 mm.; width. of posterior sucker, 2 mm. 

Host and Habitat .—I am greatly indebted fco Prof. Clifford 
Dobell, F.K.S., for tlie materialupon which this species isfounded. 
A note enclosed \\itb the leeches examined states that they vvere 
said to have been taken from Koraliya fish (Etroplus suratensis ) in 
the Colombo Lake, Ceylon. 


Genus THER0MYZ0N, Philippi, 1867. 

Glossiphonia , Johnson, 1816 (partim). 

Clepsine, Savigny, 1822 (partim). 

Hcemocharis , de Filippi, 1837 (partim); not Hcemocharis , Savigny, 
i822. 

Hemiclepsis , Vejdovsky, 1883 (partim). 

Protoclepsine, Moore, 1898. 

Protoclepsis , Livanovv, 1902. 

Glossiphonidae of medium size, with four pairs of eyes. Com- 
plete somite formed of three rings. Somite III is rarely and 
somites IY-XXIY are alvvays complete. The crop (or stomach), 
vvhich has more than seven pairs of lateral diverticuJa, extends 
anteriorly into the preclitellar region. 

G 
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These are generally slender, elongate, soft, delicate, somewhat 
flattened leeches, of a more or less greyish-green or brown colour, 
with yellow spots upon the upper surface of the body and also of 
the posterior sucker, where they are disposed in a marginal series. 
During life they are often possessed of great powers of extension 
and contraction, and of extraordinary restlessness and activity, 
oreeping rapidly with a looping movement upon the slightest dis- 
turbance. Most. of the known species have been found in Lake 
Baikal, in Siberia, but two species, at least, have a wider distri- 
bution, namely the one under discussion and T. tessellata (0. E. 
Miiller, 1774). 

I here follow Moore (1924, p. 346) in giving Philippi’s name 
Theromyzon precedence of the more familiar name Protoclepsis 
applied by Livanow to this genus, which he was the first to place 
upou a satisfactory basis. Livanow divides the genus into two 
groups, distinguished by the following characters:— 

(а ) Genital orifices separated by two rings. In adults there is 
a shal)ow primitive form of vagina opening to the exterior by a 
single female pore. In undeveloped individnals there is no vagina 
aud the oviducts open directly to the exterior, where they appear 
(in material vvhich has been sectioned) as a pair of very small 
apertures situated one on either side of the median line. 

(б) Genital apertures separated by more than two rings. The 
single female pore opens into a well-developed vagina. 

The species referred to below belongs to the first of these 
groups. which contains but one other species, T.garjatwi (Livanow, 
1902).' 


20. Theromyzon sexoculata, Moore, 1898. 

Trotoclepsine sexoculata , Moore (1898, p. 646). 

Trotoclepsis meyevi , Livanow (1902, p. 346). 

Moore (1924, p. 346) refers two specimens of Theromyzon from 
Manipur somewhat doubtfully to this species, with w r hich they 
agree “ in most features of annulation, the position of the genital 
pores, etc. ,? 

Description .—According to Livanow (loc. cit.), who describes it 
under the name of Protoclepsis meyeri , this species has an elongate 
slender body, convex above and flattened below, and of an olive- 
green colour. The dorsal surface is traversed bv six Jongitudinal 
rows of yellow spots. The spots composing four of these rows 
occur on the middle or sensory ring of each somite, and corre- 
spond to the outer paramedian and intermediate papillae. (The 
inner paramedian papillae are absent.) The spots forming the 
two remaining rows lie in an inner paramarginal position on 
the last ring of each somite. 

The annulation is similar to that of the typical form, Thero- 
myzon ( Protoclepsis) tessellata , with which it also agrees in the 
position of the eyes. 
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Somite I uniannulate; II usually biannulate, the second ring, 
however, being occasionally missing. Somite III so rarely tri- 
aunulate that it may be regarded as typically biannulate, its first 
and second rings being nearly always merged together. Somites 
IV-XXIV complete with three rings, and XXV-XXVII 
biannulate. 

Rings (when somite III is biannulate) 74 in number. 

Eyes, four pairs (formiug two subparallel rows), situated 
respectively upon rings 2, 4, 7 and 10 (on the sensory rings of 
the somites II, III, IV aud V, in which they respectively lie). 

The male genital pore lies bet\veen somites XI and XII, and 
the female pore two rings behind it, between the second and 
third rings of XII. The anus opens between rings 73 and 74, 
in the middle of somite XXVII. 

Dimensions .—9 mm. long, with a maximum width of 3*1 mm. 
(Moore); 8 mm. long and 3 mm. wide ( Livanow ). 

Hosts and Habitat .—One of the two Indian examples of T. sexo - 
culata noted by Moore came frorn Loktak Lake, Manipur, Assam ; 
the other was found in a small stream flowing out of this lake. 
Moore’s original description of this species (1898) was based 
upon an example from Bebring Island, Commander Islands, 
Siberia. Livano^’s specimens came from Russia, and lie notes 
the occurrence of this leech also in Erance and Svveden. The 
only host meutioned is Wild-duck. Probably, as in the case of 
T. tessellata , other waterfowl are also attacked. 


Genus HEMICLEPSIS, Vejdovsky, 1883. 

Glossiphonidas of medium size, typically with two pairs of eyes. 
Complete somite formed of three rings. Head-region dilated and 
distinct from the rest of the body. The crop (or stomach), which 
has more than seven pairs of lateral diverticula, extends anteriorly 
into the preclitellar region. Mouth-opening within the anterior 
sucker. 

21 a. Hemiclepsis marginata, subspecies marginata, O. F. Miiller, 
1774. (Plate II, figs. 1 & 2; and figs. 33 & 34.) 

Hit'iido marginata , 0. F. Miiller, 1774, p. 45. 

Glossiphonia marginata, Moquin-Tandon, 1846, p. 375, pl. xiv, 
tigs. 10-20. 

Hemiclepsis marginata (in India), Kaburaki, 1921, pp. 694-695. 

(For full synonymy and literature,see Harding, 1910, pp, 151-152.) 

Descrijption .—The flattened claviform and translucent body is 
usually richly pigmented, but the coloration is subject to con- 
6iderable variation both in kind and in intensity. In typical 
examples the thin margins and extremities are •colourless or 
hyaline and the ground-colour of the thicker parts is yellow, 
profusely sprinkled above with bright green. When, hovvever, 
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JFig. 33 .—Hemiclepsis marginata, subsp. marginata, O. F. Miiller, 1774. Dia- 
gram sbowing external features. Somites numbered in Eoman, and riugs 
in ordinary figures. Pigmented spots indicated in circular outline. 
an . Anus. (After Hardiug.) 
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Fig. 34. H. marginata , eubsp. marginata , O. F. Miiller, 1774. Diagram 
ebowing alimentary tract and reproductive organs. The latter, and also 
the salivary glands, are shown on one side only for the sake of clearness. 
mth. Mouth. prb. Proboscis. sal.g. Salivary glands. st. Stomach 
(shaded). int. Intestine. rt. Rectum. an. Anus. ej.c. Ejaculatory canal. 
t.p. Its terminal portion. v.sem. Yesicula seminalis or seminal reservoir. 
v.def. Yas deferens. te. Testis. ov. Ovary. (After Harding.) 
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the crop is gorged with blood its scarlet hue, shining through the- 
seini-transparent body modifies, and sometimes entirely eclipses, 
the green pigment. 

Dorsal surface with seven longitudinal rows of lemon-yellow 
spots. 

The spots composing four of these rows lie on the middle ring 
of each somite and correspond to the outer paramedian and inter- 
mediate sense-organs and papillae. The spots forming a median 
row fall upon the third ring, and the two remaining series, which 
occupy a marginal position, occur upon the third, and sometimes 
also upon the middle ring of each somite. 

Posterior sucker with an outer, and often with an inner series 
of lemon-yellow spots between which reddish-brown radial stripes 
are often present. 

Pings 72, of which two are preocular. The seventy-first is 
partly subdivided and traces of subdivision appear in ring 69. 
The twenty-one somites IV-XXIV are complete vvith three riugs. 

The two pairs of eyes are situated respectively upon the third 
and fourth rings. 

The male genital orifice opens between somites XI and XII, 
that is, betvveen rings 29 and 30, and the female orifice lies two 
rings behind the male, between the seeond and third rings of 
somite XII. The anus opens between tlie last and the pen- 
ultimate ring. 

The alimentary tract and the reproductive organs are indicated 
in fig. 34. 

JDimensions. —Length, at rest, 15-20 mm.; width, at rest, 
3-7 mm.; length, fully extended, up to 30 mm. 

Ilosts and Habitat.—Hemiclepsis marginata marginata is chiefly 
a fish parasite, but it also attacks eertain molluscs, and has been 
taken in India from a species of Lamellidens (by Dr. T. South- 
well). It inhabits freshwater ponds, streams and lakes, where 
it is often found upon water-plants and various other submerged 
objects, lying in wait for its prey. Its range extends throughout 
the greater part of Europe to Western Asia and India, where it 
begins to be replaced by the subspecies asiatica. In India it has 
been recorded from the following localities:— (a), (6), (c), (d) 
Malwa Tal, 3600 ft., Sat Tal, 4500 ft., Bhim Tal, 4450 ft., and 
Xaukuchia Tal, 4200 ft., Kumaon, W Himalayas (Dr. S. Keinp 
coll.); (c), (f), (g) Janikpur, Chitauni, and Chukei Mukei, Nepal; 
(h) Igatpuri, W Ghats, Bombay P.; (i) Puri, Orissa (Dr. X. 
Annandale coll.); (/) Bagra, Hoshangabad Dist. (Dr. E. H. 
G-raveley coll.); (Jc) Bhandardaha Beel, Murshidabad Dist. (Dr. T. 
Southwell coll.); (l) in aud about Caleutta (Dr. N. Annandale r 
Dr. E. H. Graveley, Mr. B. Hodgart coll.). 
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21 6. Hemiclepsis marginata, O. F. Miiller, subspecies asiatica, 
Moore, 1924. (Fig. 35.) 

Moore (1924, p. 359) describes a subspecies o£ Hemiclepsis 
marginata which he names asiatica and states to be the mosb 
abundant and generally distributed of the Grlossiphonid® in 
Kashmir. He regards this as a form intermediate between the 
typical H. marginata of Europe, with its four well-developed eyes, 
and Oka’s epecies, H. casmiana , from China and Japan, which 
has only tvvo eyes, but resembles the subspecies asiatica in colour 
and dorsal pattern. He suggests, further, that H. marginata should 
be divided into three subspecies, viz. marginaia , representing the 
typical form, casmiana the Far Eastern form, and asiatica the 
form described here. Tliis suggestion, as far as the Indian region 
is concerned, has been adopted in these pages. 


I 



Fig. 35 .—Hemiclepsis marginata , subsp. asiatica , Moore, 1894. (After Moore.) 
Dorsal view of head-region showing eyes and annulation, Soinites num- 
bered in Roman, and rings in ordinary figtires. 

The subspecies asiatica closely resembles the typical subspecies 
marginata already described, but difFers from it in certain constant 
characters of which the most important are given below, [Not 
having seen the subspecies, it is proper that I should here ackuow- 
ledge my indebteduess to the vvork oi: Moore ( loc. cit.), whieh has 
beeu my ouly oource of information.] 

(1) The first pair of eyes are closely approximated, and so 
minute that they may easily escape observation. They generally 
lie immediately iu front of the conspicuous and more widely 
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separated posterior pair of eyes, on the anterior ring of somite 
III, but sometimes are placed furbher forward and appear in 
somite II. In some cases tliey may be in contact with the 
posterior pair of eves, and even apparently obliterated. 

(2) The annulation in asiatica is considerably reduced. Somites 
I and II are uniannulate and III is also typicaliy uniannulate, 
consisting of a broad ring, \vhich, ho\vever, may show signs of 
subdivision dorsally, behind the eyes. Somite IV is biannulate 
and V is triannulate dorsally, its hrst and second rings fusing 
ventrally to form the free posterior edge of the anterior sucker. 
Soinites YI-XXII are complete with three rings ; XXIII is still 
triannulate, but with the last ring reduced; XXIV is usually 
biannulate, and XXV-XXVII are uniannulate and progressively 
smaller. 

(3) Colour (in alcohol) reddish-brown, paler towards the 
extremities. The median series of spots oftfen coalesce to form a 
more or less distinct longitudinal pale vellow band; the spots on 
the sensory rings, again, tend to spread laterally, forming broken 
or sometimes continuous pale yellow transverse stripes. 

Dimensions and Habitat .—The size of the largest example is 
given as 16*3 mm. in length, with a maximum width of 6 mm. 
All the members of this subspecies are recorded from Kashmir, 
chiefly from slow-running streams. 


Grenus PARACLEPSIS, Harding, 1924. 

GlossiphonidaB of medium size, with three pairs of eyes. Eirst 
and second pairs on two consecutive rings, second and third 
pairs separated by two rings. Complete somite formed of tbree 
rings. Mouth-opening subterminal, Jeaving the anterior sucker 
imperforate. The crop (or storaach), has more than seven pairs 
of lateral diverticula. 

22. Paraclepsis pr»datrix, Harding, 1924. (Plate II, figs. 11 & 
12 ; and fig. 36.) 

The ovate-acuminate bodyis smooth below, but has a roughened 
or crustaceous dorsal surface due to numerous small papill® 
closely set. on every ring. A series of larger dorsal papillae are 
present on the middle ring of each somite, and these consist of 
three pairs, occupying respectively a paramedian, an intermediate 
and a paramarginal position. The head-region is separated from 
the rest of the body by a slight constriction. 

I am indebted to the late Dr. Annandale for the loan of a water- 
colour drawing of a living individual collected by him and also 
for the fol!owing description of its coloration :—“ Semi-opaque 
pinkish-white, profusely ornamented with dull green pigment- 
cells on the dorsal surface. On the anterior and posterior thirds of 
the body these cells formed a broad and somewhat irregular longi- 
tudinal band, interrupted along the middle by a colourless line ; a 
transverse colourless line ran across the body just behind the 




Fig. 36 .—Paraclepsis prcedatrix, Harding, 1924. Diagram sbowing external 
features, reproductive system, alimeutary tract and ventral nerve-ganglia. 
Some of tbe paired organs are shown on one side only, in order to obtain 
clearness. Somites numbered in Roman, and rings in ordinary figures. 
mth. Mouth-opening. prb. Proboscis. sal.g. Salivary glands. st. Sto- 
macb. int. Intestine. rt. Rectum. an. Anus. ej.c. Ejaculatory canal. 
t.p. Its terminal portion. ves.sem. Vesiculaseminalis or seminal reservoir. 
vas.def. Vas deferens. te. Testis. a.g.m. Anterior ganglionic mass. 
p.g.m . Posterior ganglionic mass. gang . A ganglion of the ventral chain. 
(After Harding.) 
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‘ head/ which was profusely covered with greeti pigment-cells.. 
On the middle of the body the piguient-cells were arranged in a 
comparatively narrow stripe, still interrupted longitudinally, but 
giving rise to transverse bars, which vvere expanded and pro- 
liferated at their free extremity in such a way that a kind of 
network was produced. The posterior sucker bore faint, radiating 
green lines. ,, 

Anterior sucker with the characteristics of the genus and 
having its interior surface ribbed; resembling in this respect the 
tip of the human finger. Posterior sucker centrally attached and 
rather less in diameter than the greatest vvidth of the body. lt 
bears a series of submarginal papillas. 

Eings 73, of which two are preocular. Eing 71 is double at 
its margins, but is not divided throughout. 

Somites I, III, XXIV, XXV, XXVI and XXVII biannulate; 
II uniannulate; the tvventy somites IY-XXIII complete vvith 
three rings. 

The three pairs of eyes are disposed in tvvo subparallel rows. 
The first and second pairs lie respectively in rings 3 and 4; the 
third pair, separated from the others by the space of two annuli, 
lie in ring 7. 

The male genital orifice is situated between rings 29 and 30, 
that is, between somites XI and XII; the female orifice lies tvvo 
rings behind the male, between rings 31 and 32, in somite XII. 

The reproductive organs and alimentary tract are represented 
schematieally in fig. 36. Large sperm reservoirs connect the vasa 
deferentia wit-h the ejaculatary canals and descend to about the 
fifteenth somite. Having reached its lowest point, each vesieula 
returns upon itself, and the ascending and descending portions 
are closely united for a considerable distance. The ovaries 
consist of paired simple sacs. The crop or stomach arises within 
the posterior margin of somite X. Its anterior portion expands 
bi-symmetrically but somewhat irregularly, and it is not until the^ 
twelt‘th somite is reached that the typical Grlossosiphouid type of 
diverticula appear. 

The salivary glands take the form of compact bunches closely 
resembling the same features in Placobdella. 

The anus opens between the seventy-second and the last ring. 

Dimensions .—Large individuals (in alcohol) attain a length of 
about 15*5 mm. and a width of about 4 mm. 

Hosts and Habitat .—The only host noted is Jbmyda granosa 
vittata , and the leeches vvere found either upon their host or in 
ponds and pools frequented by this freshwater tortoise. The 
material, chiefly collected by the late Dr. Annandale, came from 
the following localities :— 

(a) Tarxjore, Trichinopoly District, S. India; (b) Bangalore,. 
S. India, altitude circa 3000 ft.; ( c ) Kalka, at base of Simla 
Hills, altitude 2400 ft.; (d) Purulia, Manbhum District, Chota 
Nagpur Div., Bengal ; (e) Selai Kusi, Magaldhai, Assam - r 

(f) Igatpuri Lake, W Ghats, Bombay Presidency. 
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23. Paraclepsis valnifera, Harding, 1924. (Fig. 37.) 

De8cription .—Body ovate-acuminate, with a somewhat rough- 
ened dorsal surt'ace, due to the presence of * numerous minute 
papillae on every ring. (Accurate observations of papillse and 
colour were prevented by the macerated state of the material.) 

Head-region continuous with the body. Anterior sucker with 
the characters of the genus. Posterior sucker centrally altached, 
small, and less in diameter than half the greatest width of the 
body. 

Rings 70. Bings 2 and 29 are double at their margins, but not 
entirely divided. Rings 7 and 8 unite below to form the first 
veutral aimulus. 

The first somite is uniannulate, and the second is represented 
by the anterior part of ring 2 containing the first pair of eyes. 
Somite III includes the posterior part of ring 2 together with 
ring 3. The twenty somites IV-XXIII are complete with three 
rings, and XXIV-XXVII are represented by the last 7 rings. 

The three pairs of eyes are disposed in tvvo subparallel rows. 
The small first pair are closely approximated in the anterior 
part of ring 2 (and may easily be overlooked); the seeond and 
larger pair lie iu the posterior part of the same ring, and the 
third and largest pair are situated somevvhat vvider apart, in 
ring 5. 

The male genital orifice opens between rings 27 and 28, that 
is, between somites XI and XII; the female orifice is separated 
by tvvo rings from the male and lies betvveen rings 29 and 30, the 
second and third rings of somite XII. 

The reproductive and alimentary systems are shown in fig. 37* 
The large vesiculas seminales seen in P. prcedatricc are absent. 

The salivary glands and crop bear a close resemblance to the 
same features in P. prcedatri.v. The crop arises in the anterior 
part of somite X. The anus lies between rings 69 and 70, being 
separated by one ring from the posterior sucker. 

Size .—Length about 14 mm.; width about 8 mm. Living 
individuals probably attain a greater length. 

Host and Habitat .—A note enclosed with the leeches states 
that they were taken from the branchial chambers of freshvvater 
crabs (Paratelphusa sp.) at Mauganaltur, Tanjore District, Madras 
Province. They had been sent by Mr. Ballard, Government 
Entomologist, Madras Province, to Dr. Guy A. K. Marshall* 
C.M.G., Director of the Iraperial Bureau of Entomology (Colonial 
Office), vvho vvas good enough to place the material at my 
disposal. 
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mth. 



jFig. 37 .—Paraclepsis vulnifera , Hardiug, 1924. Diagram showing external 
features, reproductive systein and alimentary tract. Somifces numbered 
in Roman, and rings in ordinary figures. mth. Mouth opening. prh. 
Proboscis. sal.g. Saiivary glands. st. Sfcoinacb. int. Infcestine. rt. 
Recfcum. an. Anus. ej.c. Ejaculatory canal. t.p. Terminal porfcion of 
ejaculatory canal. vas.d . Vas deferens. Ov. Ovary (one ovary only is 
shown, for the sake of clearness). gang. A ganglion of the ventral chain. 
(After Harding.) 
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Species £nquibendjs. 

Family ICHTEtYOBDELLlDiE. 

Genus BRANCHELLION, Savigny, 1822. 

This genus is representecl iu tbe waters of both hemispheres, 
and although no species of Branchellion has so far (1926) heen 
recorded from the Indian Region, it seems likely that such a 
record will eventually be made. The following diagnosis of this 
genus, therefore, will not be without interest here :— 

Marine Ichthyobdellidce parasitic upon fish. Body divided into 
t\vo distinct regions : a short anterior “ neck” and a long posterior 
“ abdomen, ,, \vith paired, hiteral, folinceous, non-digitate branchiae 
and pulsating vesicles. Coinplete somite formed of three rings. 

(?) Trachelobdella species. 

Moore (1924, p. 306) refers doubtfully to the genus Trachelo- 
hdella a small leech in the collection of the Indian Museum which 
wa8 not in a sufficiently good state of preservation for satisfactory 
determination. The species, \vhich is stated to have been taken 
otf the Pier, Ross Island, Andaman Islands, in 1915, is described 
as being nearly 10 mm. in length, \vith a very large posterior 
sucker, a \vide, broadly ovate anterior sucker, ancl with traces of 
a pair of eyes and also of pulsating vesicles. 

Family GLOSSIPHONID^E. 

(?) Placobdella gracilis, R. Blanchard, 1897 

A single imperfectly preserved specimen of a leech in the 
Indian Museum collection, about 5 mm. long, found at Nandi, 
Mysore State, upon Limnacea cicuminatci , is referred with some 
hesitation to this species by Kaburaki (1921 (b) f p. 702). The 
original examples of this little species described by Blanchard 
(1897, p. 334, fig. 2) came from Buitenzorg, Java, where they 
had been taken from the branchial chamber of a freshwater 
crab (Parateljphusa sp.). 

(?) Placobdella parasitica, Say, 1824. 

Oka (1922, p. 529) assigns “ with much doubt ” to this species 
a single, small and contracted specimen of a Jeech found upon 
l'aia shantnsis , Kobelt, in a canal on the \vestern side of the Iule 
Lake, S. Shan States, Burma. It was not deemed advisable to 
cut this single individual into sections, and after comparing it 
with the detailed description of Glossiplionia (Placobdelia) para - 
sitica given by Castle (1900, p. 51), Oka states that 44 it is certainly 
immature, and it is difficult to ascertain whether the slight but 
obvious discrepancies existing bet\veen this speciraen and typical 
P. parasitica are due to difference in age or to specific 
distinctness.” 
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BY 

J. PERCY MOORE. 

INTRODUCTION. 

Synonym. Q-nathobdell 80 . 

The jawed-leeches or leeches without a proboscis. 

Diagnosis. —No protrusible proboscis, the pharynx being fixed 
and not surrounded by a space enclosed in a proboscis-sheath; 
pharynx provided with longitudinal ridges, the median dorsal 
and paired ventro-lateral typically terminated by toothed jaws. 
Cephalic sucker scoop-shaped, not widely expanded, with a deep 
oral chamber, at the caudal end of which is the mouth. Blood 
red. Reproductive system complex, commonly with copulatory 
organs. Complete somites usually or fundamentally five-ringed. 

In this suborder the Hirudinea may be said to reach their most 
complete and perfect expression. Here belong the typical leeches 
—those fully adapted to a sanguivorous or a predaceous habit, 
and, with a few exceptions, all of the largest forms, as well as 
those most intimately affecting; human welfare. They are fresh- 
water or terrestrial, never, so far as known, truly marine. 

External Characteristics (fig. 38, p. 98).—The size varies from 
a length of about an inoh to a foot or even eighteen inches, the 
largest being an incli wide. Most of the species fall within the 
limits of two to six inches when normally extended. 

Although ja\ved-leeches are individually very mobile and many 
are capable of a wide range of extension and contraction from a 
slender, linear, to a pyriform or egg-shape, the form is remarkably 
constant throughout the group. In a normal state of partial 
extension they are moderately depressed and regularly lanceolate- 
ovate, broader at the caudal end. Rarely they are cylindroid, or 
sub-cylindrical, never foliaceous, as are many G-lossiphonidse, or 
couspicuously divided into regions, as in some Ichthyobdellid», 
and none are known to bear gills or pulsatile vesicles, as also 
in the latter. 

The texture differs widelv: some, like certain land-leeches and 
Erpobdellidas, are so muscular and hard that they slip through the 
fingers like eels; others, like Hcemopis and Myxobdella , in which 

H 




3?ig, 38. —Diagram of general anatomy of a typical ten-eyed leecb (Hirudidae) 
based upon Hii'udinaria (PoecilobdeUa) granulosa. The somites are 
indicated by the supra-marginal sensillse shown by elliptical outlines at 
the sides and by the Koman numerals. About twice natural size. a., anus; 
at.y atrium ; c. 1-10, gastric cseca; d.e., ductus ejaculatorius; ep., epidi- 
dymis; g. t stomach; g.a., glandula albuminigenia; i., intestine; n., nerve- 
cord with ganglia; np. 9-17, nephridia; o., ovary; od., common oviduot; 
ph., pharynx; pr., prostate region of atrium; p.s., penis-sac of atrium; 
1. 1-11, testes; va.d., vaginal duct; v.c. 9 vaginal csscum; v.d., vas deferens. 
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the muscles are less developed and the botrjoidal and paren- 
■ohymatous tissue abundaut, are soft and flaeeid or oedematous, 
and when picked up may hang as an inert, shapeless mass. 

The cephalic sucker is of moderate size, never widely explanate, 
but muscular and mobile and capable of extension and involution. 
The free anterior part or lip is more or less scoop- or spoon- 
shaped, passing caudally into a eomplete buecal ring with a deep 
-oral chainber, which is coextensive with the mouth (Brpobdellidse) 
or terminated by a transverse muscular septum (velum), perforated 
in the centre by the triangular mouth. There is often a narrow 
unsegmented rim, excepting which the dorsal or convex face of the 
■ucker is annulated and metameric. The ventral or concave face 
is srnooth, tessellated or furrovved, and in some genera is divided 
by a median longitudinal fissure. Many of the land-leeches 
possess a pair of membranous frills or lobes immediately within 
the buccal ring, at the base of vvhich the first pair of nephridia 
may open. The head is richly supplied with eyes, touch-organs 
and taste-organs. As a whole it serves as an adhesive, locomotory 
aud ingestive region, vvhile the lip is chiefly prehensile and 
sensory. 

The caudal suc/cer is vvell developed as a simple, highly muscular 
-disk in all except the burrovving genus Lumbricobdella. It is bent 
beneath the anal region and directed ehiefly ventrad. While it 
does not reach the size and depth of certain of the Ichthyobdellidse, 
in many of the more strictly parasitic and sanguivorous genera it 
attains a verv large size, vvhile in the strictly predaceous and 
seavenger forms it is usually sinall aud sometimes weak. The 
ventral face is often provided with radiating ridges ending in 
marginal papillae, and the dorsal surface may be roughly tessellated, 
especially in Indian Hirudid®. The sucker is a powerful organ 
of adhesion, serving for attachment aud locomot-ion. It is pro- 
vided vvith interlacing circular, radial and oblique muscle-fibres, in 
addition to the povverful erector and depressor muscles that join 
lt to the body. 

As in other leeches, the thirty-four somites are grouped in five 
regions. With the exception of the first and last, constituting the 
just-described suckers, these regions are notsharply distinguishable 
externally, the principal characteristics being found in tbe degree 
of development of the annuli. Those of the cephalic and caudal 
regions are mostlv uniaimulate, but some of the former are bi- 
annulate or triannulate. Those of the middle body are all or 
nearly all fully developed and complete, and those *of the pre- 
clitellar and aual regions are transitional in developmeut. 

Internally there are manv distinctive regional features of 
organography, especially in the nervous, digestive and repro- 
ductive systems. The cephalic region is charaeterized by coneen- 
tration of the six neuromeres in a post-buccal mass, the inclusion 
of sucker, eyes, mouth, jaws or their equivalent, and the absence 
of definite nephridia. In the second region or preclitellum the 
three ganglia are distinct but not widely separated in agreement 
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with the intermediate state of development ot‘ the segments, the 
digestive tract coutributes the pharynx and in some cases an 
(Bsophagus, and the anterior tvvo pairs of nephridia occur. 

The middle region is by far the largest and most highly 
elaborated. It is especially characterized by the presence of the 
reproductive organs, the regularly paired and metameric nephridia, 
the widely-spaced ganglia of the central nerve cord, eacli aligned 
with the neural annulus of its soraite, and bv the inclusion of the 
entire storage and digestive region of the alimentary canal, 
comprising the stomach and intestine. It may be further divided 
into the clitellar and post-clitellar subregions. The first embraces 
somites X to XIII, and includes the terminal organs of the repro- 
ductive system as well as the single pair of ovaries, the clitellum, 
and various accessory organs, probably related to copulation, such 
as copulatory glands, oopulatory areas and conducting tissue, and 
copulatory pits. The gastric caoca of this region are usually small 
and irregular. The post-clitellar region is pre-eminently the 
digestive region, in which the gastric cmca are highly developed 
and when filled displace the other organs and distend the body to 
many times its normal size. Except that the first pair may lie 
partly or vvholly within somite XIII and in many ErpobdellidaB 
all are scattered, the testes are placed intersegmentally in the 
muscular septa throughout most of this region, whieh also 
accommodates their ducts and in some cases other parts of the 
reproductive organs. 

The anai region is a short transitional sectiou of three incom- 
plete somites with distinct but approxiraated ganglia, and contains 
the rectum and anus but no nephridia. Its chief function is to 
serve as the peduncle of the sucker, which exclusively constitutes 
the last or caudal region . 

When completeand well-developed the clitellum usually extends* 
as a more or less continuous, thick layer of unicellular hypodermal 
glands, over tliree full somites or fifteen annuli, beginning with 
the fourth annulus (b 5) of somite X and ending with the third 
(a 2) of somite XIII. In some cases it extends beyond these 
limits, partially involving one or both of the contiguous annuli 
anterior and posterior, increasing the number to sixteen or 
seventeen. More frequently its extent is reduced, and sometimes- 
the glandular areas are restricted to the ventral surface, or even 
to areas adjacent to the gonopores. While the clitellar region 
usually differs in colour and texture and is somewhat swollen and 
smoother than the neighbouring segments, the glandular coat 
seldom obscures the annulation. 

The gonopores or external genital orifices are invariably median, 
the male in advance of the feraale. With few exceptions they 
open within the limits of somites XI and XII respectively, but 
rarely both may lie within XII, as is frequent with the Erpobdel- 
lidae, or the male pore may be shifted into X and the female into 
XIII. In the Erpobdellidae the orifices are usually separated by 
Vom two to four annuli. but may be further apart. In the Hirudidse 
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by far the greater number of species have ñve full annuli inter- 
vening, but the number may be as few as tvvo and one-half or as 
many as thirteen. Most frequentlv the gonopores open iti the 
furrow8, but may be situated within the annuli. The male gonopore 
is rounded or in the form ot' a transverse slit with more or less 
swollen, furrovved lips, upon whicli glands may open. It may lie 
within a disk or a more or less prominent papilla, or rarely in a 
depression or even in a pit. In the Hirudidae a ftliform penis 
mav protrude. The fetnale gonopore is usually smaller and a 
simple round orifice, fiush vvith the surface, but may be slit-like 
and either elevated or depressed. Aecessory copulatory organs 
take the form of special adhesive glands opening by pores or pits 
disposed' in cousiderable variety on the ventral surlace of the 
clitellar region and in somecases formingrather complex reciprocal 
systems. The only known Indian Arhynchobdellid leech posses- 
sing such structures is Barbronia weberi. 

The nephropores or extermd openings of the nephridia are very 
constantly seventeen (they may be sixteen or nineteen) pairs 
opening on the caudal border or within the following furrow of 
the second annulus (b 2) of somites VIII to XXIV inclusive. In 
the true land-leeches (Haemadipsina 0 ) they lie close to the lateral 
margins, vvlule in all other Arhyncbobdellae they are nearly in the 
line of the ventral intermediate sensillae. In tlie land-leeches 
also, the ducts of the first pair may be carried forvvard into the 
head to opeu at the base of the buccal lobes, and the last pair open 
eitlier ou the ventral faceof the anterior lobe.of the auricle, which 
is borne on XXIV «2, or more rarely by a ventral median pore 
comrnon to both nephridia. 

The typical complete somite characteristic of nearly all members 
of the ArhynchobdellaB is five-ringed. This is especially true of 
the aquatic Hirudidae, but the land-leeches include genera having 
from three to seven anuuli in the complete somite. With rare 
exceptions these annuli are of approximately equal length. In the 
ErpobdellidaB, ou the other hand, elaboration, especially of the 
post-sensory region, leads to the frequent development of six, 
seven, eight or nine annuli, often of very unequal length. In the 
higher multiples, annuli of every order from the first to tbe fourth 
liuiy be present togetber. In such cases the sensory annulus may 
remain undivided and the post-sensorv include as many as three 
tertiary and two quaternary annuli. Towards the ends of the 
body every stage frorn the uniannulate to the complete somite 
vvill be found. Additional details are givenin the seetiou relating 
to annulation, which applies to the Hirudinea as a vvhole. 

While the inteçjument of many leeches is smooth, others liave 
it marked out into subquadrate or polygonal areas by numerous 
short wrinkles passing betweeu the true interannular furrows. 
These are more or less clearly related to the distribution of the 
non-metameric sense-organs and papillae. As a rule each area 
includes either a single sense-organ or a group consisting of a 
larger or more prominent central sense-organ with smaller ones 
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clustered about it. Frequently they are elevated on papillae, in- 
which case the integuments may be rough and harsh,on preserved* 
specimens at least. 

In this suborder cutaneous papillse, while sometimes well 
developed, never reach the large size which they attain in many 
Rhynchobdellae. These sense-orgaus are partly tactile, partly 
responsive to chemicals and partly light-perceiving. They occur 
on every annulus, both dorsally and ventrally, and are usually 
arranged in an irregular line across the middle of the annulus or 
in two or three such lines, indicating the composite morphological 
value of the annulus. 

The segmental sense-organs or sensillce are of great int-erest, 
partly because of their value as indicators of metamerism and 
somite limits, partly because of their high degree of developinent 
and partly because of their modification into true eyes at the 
cephalic end. The sensillse are confined to the sensory annuli r 
and their presence makes it possible to distinguish these annuli 
throughout the length of the body. Typically there are four 
dorsal pairs, named from the meson laterad: paramedian, inter- 
mediate, supra-marginal and marginal, and three ventral pairs, 
similarly named paramedian, intermediate and submarginal. The 
ventral paramedians are much more widely separated than the 
dorsal paramedians *. Homologous sensillaB form metameric seriee 
along a line bearing the same name. 

These lines separate longitudinal areas or Jields which are 
named after the line bouuding them medially. Adding median 
fields, we have dorsal median, paramedian, intermediate, supra- 
marginal, submarginal, ventral intermediate, ventral paratnedian 
and ventral median fields. For brevity these are sometimes 
designated as A to H respectively, though these symbols have^ 
been employed but little in the present paper. The use of this 
terminology in conjunction with the notation of the annuli makes 
it possible to describe exactly the position of a co!our-marking r 
sense-organ or other surface structure, and to indicate the relative 
distances apart in fractions of the total circumference of each two 
sensillse, the number of longitudinal muscle bands or the number 
of surface areas or cutaneous papillae in the width of each field, 
and other characters of diagnostic value. 

Not infrequently particular sensillse are divided into two or 
three small ones, or one may be absent or in a changed position r 
but such cases are obviously individual variations. More confusing 
is the fact that all sensillse may be retracted and nearly or quite 
invisible on one specimen, and on another of the same species 
raised prominently on papillae. On living leeches they usually 
appear as small round, white or diaphanous spots, especially 
conspicuous if on a dark background. Those on the dorsal side 
are larger than the ventral, and they are especially large and 


* Somewhat different terminologies have been employed by Whitmac,. 
Apatby, Livanow, et al. Consult Harding, Itbvnchobdellae, p. 16. 
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prominent in the land-leeches and the Hirudinaria group, and in 
the latter are elliptical in form. In the Erpobdellid» metameric 
sensilJaB cannot ordinarily be distinguished from the non-metameric 
sense-organs that occur on every annulus. In structui'e the 
sensiJlae are aggregations of columnar cells bearing sensory hairs 
and often includiug a few visual cells. They are much simpler 
than the eyes aud larger thau the scattered non-metameric sense- 
organs. 

In the Arhynchobdellae, true eyes are confined to the cephalic 
end. They are glorified sensillae, of especially large size in the 
land-leeches, and consist of a colourless transparent epithelial 
lens, a nerve-axis and optic ganglion surrounded by a tubuJar 
sheath of visuaJ celJs each containing a vitreous body, and, 
enclosing the whole, a dense pigment-cup. They are directed at 
various angles with the body axis—forward, sideways and back- 
ward—to receive beams of Jiglit along their visual axes. In the 
Hirudidae there are almost invariabJy five pairs forming a regular 
arch on somites II to VI, suggesting the name of ten-eyed 
leeches, but some of the burrowing forms present variations of 
this plati. Anterior sensillae may be transitioual and include 
visual cells and pigment. The first pair of eyes of most Hirudidae 
belongs to the paramedian, the others to the intermediate series. 
Tlie Erpobdellidae are more variable. They may lack eyes altogether, 
but most species possess three or four pairs in two groups, one on 
the dorsum of the lip, and the other on the sides of the buccal 
region. Two lndian species have additional eyes in the sut>- 
marginal series of the posterior cephalic and the preclitellar regions, 
and other peculiar arrangements occur in certain South American 
burrowing forms. The eyes are not truly visual organs, a& they 
probably form no images but are phototactic or light-perceiving 
organs. 

Internal Anatomy (fig. 38, p. 98).—Unlike niost of the Oligo- 
chaeta and Polychaeta, in which the body-cavity is spacious and 
regularly divided by septa, the ccelome of leeches and especially of 
the Arhynchobdellae is largely obliterated and reduced to a complex 
system of spaces surrounding the principal organs and of sinuses 
or lacunae forming part or, according to some zoologists, all of the 
vascular system. This is due raainly to the great development 
of muscular, botryoidal and parenchymatous connective tissues. 
Both the septa and the body-walls become thereby greatly thick- 
ened and the body practically solid. The botryoidal tissue is a 
peculiar vascuolated and pigmented tissue the exact relation of 
which to the organs of excretion and circulation is still oontro- 
versial. The musculature is complex, consisting of a thin layer of 
oblique fibres running both ways at an angle of nearly fortv-five 
degrees to the body axis, a thicker layer of circular fibres and a 
much thicker layer of longitudinal fibres. In addition there are 
longitudinal and transverse sheets and strandsof vertical muscles. 
All of these become modified and further complicated at tJie ends 
of the body, especially in the suckers. 
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The digestive tract is divided into an oral chamber, buceal sinus, 
pharynx, oesophagus, stomach, intestine, rectum and anus. 

The oral chamber or vestibuie is the cavity ot' the eephalie sucker, 
bounded above by the over-arcking lip and enelosed behind by 
the buccal ring. The margin of the lip is riehly provided with 
so-called goblet-sbaped organs, generally considered to have a 
gustatory or chemotactic function, and vvith tactile sense-organs. 
As a whole the cephalic sucker is an organ of attaehment and 
ingestion, as has been described already. In the Erpobdellidm, 
which svvallow worms and insect larvse entire, it is not delimited 
from the large mouth, which opcns through a seareely noticeable 
buccal sinus directly into the pharynx. A very similar condition 
exists in many of the predaceous Hirudidse, but with the buccal 
sinus better developed. In such forms the name upper or pro- 
stomial lip applied to the free, prehensile portion of the sucker is 
appropriate. In the true sanguivorous Hirudidse the oral chamber 
is separated from the buccal sinus by a transverse muscular fold 
or velum, in the centre of which is the relatively small, but ex- 
pansive, trifid or triangular mouth, the median dorsal angle of 
which is often continued into a postejñor median fissure on the 
roof of the oral chamber. 

Immediately posterior to the velum is tbe annular buccal sinus , 
in which the pharynx ends, and the jaws, when present, lie. In 
the latter case there are three deeper crypts vvhich accommodate 
the jaws and conceal them when at rest. Wben the javvs are 
f unctioning they are ])rotruded prominently into the oral chamber, 
the mouth being stretched and the velum retracted to three tri- 
angular lobes, t.o permit their passage. Oue of the most distinctive 
<iharacteristics of the suborder, upon which both of its names are 
based, is i'ound in the sÇructure of this region, the presence of 
jaws suggest.ing one and the restricted size of the buccal sinus, 
precluding the development of a proboscis, the other. In the 
Archynchobdellae the buccal sinus is limited to this shallovv space, 
into which the extreme anterior end oi' the pharynx, including tlie 
jaws, projects. The pharynx is therefore fixed and immovabie, or 
relatively so. In the B/bynchobdellse, on the contrary, the sinus 
is continued caudad, completely surrounding the pharynx for its 
^ntire length and forming an extensive peripharyngeal chamber 
in which the pharynx moves freely as an extensile and protrusible, 
muscular proboscis. 

Definite jaws are absent in the Erpobdellidae, but a few genera 
( Barbronia , Odontobdella) possess vestigial javvs bearing solitary 
stylifbrm teetl). The pseudognatha», present in most members of 
the family and especially large in Trocheta and related genera, are 
small epithelial and muscular remnants of the velum. In the 
Hirudidae also the javvs may be obsolete or obsolescent, but more 
usually occur as definite compressed muscular lobes terminating 
the three principal pharvngeal folds (dorsal and ventro-lateral)* 
In their highest development (. Hirudo ) they beccrne prominent 
projecting ridges with a semicircular profile and are largely 
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-detached from and independent ot: the pharyngeal folds. Rarely 
the median dorsal jaw disappears, leaving the ventral pair only 
Moquinca ). The jaws may be entirely smooth and edentulous, 
provided with a few irregular chitinoid plates, or bear true 
chitinoid or partly calcitied teeth (denticles). The teet-h may form 
r single series (monostichodont) along the eummit of a compressed 
ridge, or a double series (distichodont) tke points of which meet at 
the ridge. Occasionally they are partly monostichodont and partly 
distickodont, indicating that the latter type of tooth is derived 
from theformer by the separation of their bilobed bases. Usually, 
the salivary glands open on the ridge between the teeth, but in 
Limnatisy Hirudinaria and related genera tbey open on little 
button-shaped papillas scattered over the flanks of the jaws. The 
jaws are built up of radial and transverse inuscles which alter 
their shtipe, and are provided with central rotator (adcluctor) and 
peripherai rotator (abductor) muscles. In action thev are pressed 
flrmly against the skin of the animal attacked, and operate some- 
thing in the manner of a circular saw. They rotate back and forth 
from and townrd a centre,*cutting a delicate tritid incision from 
which the blood flows freely wiien the flaps are lifted by suetion. 
The saliva, \vhich is poured into the \vound and mixes freely with 
the biood, contains a haemolysin (hirudin), \vhich prevents coagu- 
lation and facilitates the blood-flo\v. This agent is extracted from 
the snlivary glandsand employed in sut-gery and, especiaiiv during 
the World War, when the supply of European leeches was cut off 
tlie leeches of India were a source of supply. 

The pharynx (fig. 38, ph.) is essentially 'a muscular organ. 
In the Erpobdellidae it is elongated and tubular, reaching to 
somite X or even to XIII in the genital region. It is triangular in 
cross-section, owing to the arrangement of the bundles of longi- 
tudinal inuscies, exccpt at tlie anterior end, usually in a ventral 
and a pair of dorsai, or less commonly a dorsal and pair of ventral, 
ridges, surrounded hy a thick layer of circular muscies. The 
walls of the pharynx are practicallv continuous with the thick 
musculature of the body-walls, so that the \vhole forms a powerful 
crusliing apparatus that is no doubt effective in preparing for 
digestion the small iuvertebrate animals that these leeches 
swallow vvhole. In the true sanguivorous leeches (monostichodont 
HirudidaB) the pharynx is short and bulbous, usually confined to 
YII and VIII, and characterized by the great development of 
radial muscles connecting it with the body-wall. It is due largely 
to these divaricator muscles that its function as a suction bulb 
«depends. The predaceous disticbodont Hirudidas present an 
intermediate condition, the pharynx being more elongated and 
extending to X, but somewhat bulbous. The radiating musdes 
are well developed and the mucous lining is thrown into six, nine 
or tvvelve longitudinal folds and at the caudal end, at the junction 
with the oesophagus, into a circular valve-like fold. The principal 
lonuitudinal folds are dorsal and ventro-lateral, and terminate 
in the ja\vs, when present. They raay be flanked on each side 



106 


AEHYKCHOBDELLjB. 


by smaller folds, making three sets of three, and alfcernating wifch 
these there may be three simple folds, or twelve in all. Tho 
salivary glands are buiidles of unicellular glands, often of consider- 
able size, lying at the sides of the pharynx, along vvhich their 
ducts proceed to empfcy on the jaws as described above. 

JMo definite oesophagus exists in most of the Arhynchobdellae, but 
merely a shorfc, narrow, anterior secfcion of the stomach preceding 
the caeca. The stomach (gg), often called the crop, on the ofcher 
hand, is by far the most extensive and iraportant region of the 
digestive tract, and in its varied developmenfc offers valuable 
taxonomic characters. It reaches from the pharynx in IX or X 
to XIX inclusive. In the Erpobdellidae the stomach is a straight, 
thin-walled tube with inter-metameric constrictions and annular 
valves dividing it into a series of simple chambers without caeca. 
Earely a pair (or a single oue) of small, simple caeca arises from 
the last chamber in XIX, but usually fchere is no trace even of 
these. In the distichodont Hirudidae the stomach differs little 
from thafc of the Erpobdellidae, except that the chambers are often 
more expanded, or even somewhat pouched, and the terminal caeca 
arising in XIX are alvvays developed and extend caudad beside 
the intestine through several segments. The stomach attains its 
greatest development in the blood-sucking Hirudidse. In these it 
serves chiefly to store the ingested blood, whence its designation 
as crop. It reaches from somite IX or X to XIX iuclusive, and 
consists of a metameric series of axial chambers separated by 
inter-segmental constrictions and bearing pairs of lateral caeca. 
These caeca (c. 1-10) begin in X, and the pregenital pairs ars usually 
small and irregular, the post-genital fully developed. Each 
cbamber may bear a single pair, usually followed by a short pouch, 
or there may be two pairs of cseca, in which case the anterior is 
generally the larger, though they may be nearly or quite equal. 
They may be simple, slightly lobed or complexly branched, and 
the larger cseca may reach caudad into the next segment. The 
last pair, arising in XIX, resembles those of the predaceous 
Hirudidae in being i*eflexed, but they are more extensively 
developed, reaching into XXIII, XXIV or even farther, and they 
are simple, lobed or branched according to the plan of the 
preceding caeca. The whole forms a spacious system for storing 
blood, thin-vvalled and capable of great distension. Many leeches 
will ingest at a siugle meal several times their weight of blood. 
After feeding they seek coneealment iu the dark, and remain quiet 
for from one to six months during the slow process of digestion. 
Indeed, leeches vvill live for upwards of a year vvithout feeding. 

The intestine (i.) is not ahvays clearly differentiated from the 
recfcum. It is a short, straight tube without cssca, such as occur 
in the Hhynchobdellse, extending through the four somifces XX to 
XXIII inclusive. In the ErpobdellidaB, while perfectly simple, 
it usually has a greater diameter than the stomach. In the 
predaceous Hirudidse it is more or less sacculated or chambered, 
the first chamber being especially distincfc both in form and 
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structure. The sanguivorous Hirudidae have this first chamber 
clearlv differentiated # as a blood-digesting organ. \vhich many 
zoologists designate the stomach, and which is probably func- 
tionally such. The rectum is a simple tube ending at the anus. 

The reproductive organs ave most important for taxonomic 
purposes. All leeches, so far as known, are hermapliroditic, and 
insemination may be reciproeal. 

The male organs are most extensive, the terminal organs lying 
anterior, the testes posterior, to the female organs. Except for 
the minute subdivision of the testes, the simplest condition is 
found in the Erpobdellidae, which closely resemble the Glossi- 
phonidae. In the arrangement of the testes the genera fall into 
two groups. In one they are disposed as in other leeches in 
regular intersegmental pairs, usually twelve in number, from 
XIII/XIV to XXIV/XXV inclusive, each connected by a short 
duct vvith a slender common vas deferens lying ventro-laterad of 
them. In the other group the testes areminutely subdivided into 
numerous (as many as sixty on each side of a somite) small ovoid 
bodies filling a large part of the entire length of somites XVIII 
(rarely XIV) to XXIV laterad of the digestive tract and 
surrounding the central stem of the vas deferens like an elon- 
gated bunch of grapes. So far as known, all Indian species belong 
to the latter group. At the anterior end of XVII (rarely XVIII) 
the vas deferens becomes abruptly enlarged to form a rather 
massive epididymis or sperm-vesicle. This portion of the vas is 
arranged in a great many close, transverse folds, and gradually 
diminishes in diameter to about somite XIV, vvhere, with greatly 
lessened size, t.hough still much larger than t-he vas deferens proper, 
and a less closely-folded course, it becomes the long ductus 
ejaculatorius , vvhich finally empties into the atrium at the tip of 
the prostate or atrial cornu of the same side. Those genera ru 
which the regularly-paired testes occur in somites XIV to XVII 
lack this form of sperm-vesicle, but instead t-he enlarged vas 
deferens is thrown back as a pair of long loops reaching beneath 
the stomach, even as far as somite XX, as in many Glossiphonidae. 

The atrium , or terminal male organ, is much simpler than in 
the Hirudidae, resembling the condition found in the Glossi- 
phonidae in that the median unpaired penial portion is represented 
only by a small, eversible, genital bursa provided with a povverful 
sphincter muscle. This opens to the exterior, and by a smaller 
orifice above into the more dorsal, unpaired prostate chamber, 
which bifurcates as a prominent pair of atrial or prostate cornua* 
The ends of the latter receive the ducti ejaculatorii as described 
above. The prostate chamber vvith its cornua is richly provided 
wifch a layer of glands which secrete the chitinoid walls of the 
spermatophores. For the reason that it forms the spermatophores, 
the entire prostate region has been named the spermatophore- 
sac. The spermatophores consist of an attaching disk formed in 
the unpaired chamber and of a pair of divergent or adherent,. 
elongated, tapering sacs formed within the horns and containing 
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-the buudles of spermatozoa. In functioning, tbe bursa aloije may 
be everted as a penial disk with a single central opening, or the 
floor ot' the prostate cbamber as well inay be everted, forming a 
second or iuner tier or platform of the disk in whieh appear the 
paired openings of the two cornua. This latter happens when 
the spermatophores are attached. During copulation there is 
frec|uently a mutual exchange of spermatophores, which are Jiot 
attached at random to any parr. of the body, as in many Glossi- 
phonidse, but are usually placed on the clitellar region, wbich is 
often provided witb a special copulatory area of so-called con- 
ducting tissue for directing the spermatozoa hypodermally to the 
ovarian sacs. 

In the Hirudidae the testes (fig. 38, t. 1-11) are most commonly 
uine or t.en pairs, but more rarelv from six to twelve pairs, disposed 
as in the first division of the ErpobdellidsB, heginning at XIII/XIY 
These testes, like the ovaries, are really smali coelomic sacs 
enclosing the gonads and embedded in thes thickeued inter- 
segmental septa close to the body-floor. Often they lie chiefly or 
wholly within the preceding somites, to which they probably 
belong. The vas cleferens ( v.d .) is covered thronghout the testicular 
region with a thick lobulated layer of glands which disappear in 
somite XII or XIII, anterior to which the duct continues in a 
nearly direct course to the level of the atrium, where it bends 
sharply caudad to become a tortuously-coiled and folded, enlarged 
tube forminu r the compact massive epididymis or sperm-vesicle (ep.). 
The duct again leaves this mass, bends fonvard and mediad and 
acquires a thick muscular coat as the duclus ejaculatorius (d.e .), 
whic*h in turn empties into the prostate cornua. Both epididyrais 
and ejaculatory duct vary conSiderably in size, form and position, 
the latter beiug either a simple tube, or differentiated into an 
enlarged fusiform region with very thick muscular walls and a 
narro\v duct-like portion. The former appears to serve both as 
a sperm-vesicle and a powerful sperm-ejector. There is a direct 
correlatiou between its size and the length of the penis-sac and 
penis. It is absent in such forms as Cardea and Diplobddla , 
which have no true penis, small in Macrobdella, well developed in 
Hirudo and related genera, and of maximum size in Hcemopis , etc. 
The true p>rostate coryiua rarely appear as distinct regions in th© 
Hirudidae, being involved in the wall of the prostate region of 
the atrium and buried beneat-h the glandular layer. They form 
small sperm-reservoirs which finally open into the prostate 
chamber. 

Most characteristic of the male reproductive organs and 
exhibiting the greatest variety is the atrium (at.). Rarely it is 
developed litt.le beyond the condition characteristic of the Erpo- 
bdellidje, but typically it is a more or less proininent, pyriform 
st.ructure consistingof an enlarged head, the prostate region (p.r.), 
and a narrower, conical or cylindrical bodv, the penis-sac (p.s.). 
The former encloses the prostate cornua and consists of epithelial 
lining, muscular coat and a thick layer of prostate glands dis- 
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charging into the more or less distinct median prostate chamber.. 
The peuis-sac is the greafcly dereloped muscular region of the 
male genital bursa, forming a highJy muscular tube, often greatly 
elongated. Within this is a coiled or filamentous tubular jpenis 
which reaches a greafc length and somewhat complicated structure 
in ffcemopsis and its allies. The penis is not a true introvert r 
but consists of a lining epithelium and a thin enveloping layer of 
muscle aud connective tissue which are separated by a surrouuding 
space from the outer thick wall or penis-sheath . Within tliis space 
the penis grows to a length double or more that of its sheath.. 
The terminal parfc is capable of being everted through itself. 
Consequently, when protruded ifc is a double-walled tube covered 
within and wifchout by epifchelium. In some genera it bears upon 
the exfernal face of its terminal portion mimy tactile papill®.. 
The Hirudidas do not forin spermntophores for external implanta- 
tion, but practise a fcrue copulation, during which the penis 
(often reciprocally) enters the vagina and deposits the sperm in. 
its upper part. 

Female reproductive organs are developed harmoniously with< 
the male organs. ln the Erpobdellidse they consist of a pair of 
more or less elongated tubular sacs, each doubled on itself and 
extending from the female gonopore, within tlie ventral coelomic 
space beueath the digestive tract, caudad for several somites. The 
greater part of this is a i-celomic sac ( ovisac ) enclosing the ovary 
and its developing producfs. The true ovarij with the proliferating 
germinal epithelinm occupies the narrovv blind end of the organ 
close to tiie female gonopore and a portion *of the recurrent limb 
of the ovisac, most of vvhich, together with the entire procurrent 
liinb, is filled vvith the developing egg-strings. The anterior end 
of the procurrent lirnb passes into a short fcransverse limb eon- 
taining mature ova aud knovvm as the uterus , whieh connects by 
means of a very short narroxv oviduct on each side with the inner 
end of the very small unpaired vagina or genital bursa lying 
entirely vvithin the ventrai body-wall. In other cases the tubular 
sac may be bufc little or uot at all reflexed, the ovary being 
confined to the caudal end and the oviduct much elongated. Still 
more rarely the ovisacs are spheroid with small simple oviducfcs 
meeting afc the minute bursa. 

A fevv Hirudidse possess female genitalia of the second type, 
Cardea , for example. This genus is quite unique in the addifcion 
fco the ovaries and oviducts of a capacious female bursa anterior 
to the male atrium, with vvhich it opens in coramon. A pair of 
slender ducts conneet the oviducts vvith it. Bufc in general fch& 
Hirudidae possess female genitalia (fig. 38) of the same degree of 
complexity as the male organs. There is a single pair of ratber 
small globular ovisacs (o.) situafced anterior fco the female gonopore 
afc about XII/XIII, in a position corresponding to the testes. 
From these arise shorfc oviducts , often provided vvith a slight 
enlargement, sometimes named the uterus, but preferably the- 
ovarian vesicle. One oviduct passes beneath the nerve-cord and 
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«miites with its felloxv into a eommon oviduct (oc£.), which varies 
much in length and course, but finally empties into the vagina, 
•usually at the internal blind end, but in certaiu genera at various 
points along its length. The oviduct is more or less embedded in 
a thick layer of albumin glands (glanduia albuminigenia) (g.a .), 
which may be limited to the region of union of the paired oviducts 
or cover part or all of its length. When Jhilly developed the 
■vagina is frequently very large and spheroidal, pyriform, fusi- 
form or tubular. TJsually it is divisible into an enlarged 
saccular part and a narrovv duct leading to the external orifice. 
At the point o£ entrance of the oviduct there is in some cases a 
small vaginal diverticulum. This may become greatly enlarged 
to form a distinct vaginal ccecum as in Pcecilobdella. The oviduct 
may also open at the point of union of the vaginal auct (vci.d.) 
anrl csecurn (v.c.) as in Pcecilobdella , or along with the former into’ 
the external bursa as in Hirudinaria. There are many variations, 
some of which will be indicated in the generic diagnoses. 

In the foregoing account no attempt has been made to deal 
with the entire anatomy of the Arhyuehobdellae. Those organs 
and structures only which are ot' primary interest to the 
systematist have been described. Other organs, sucli as the 
nervous system (n.), nephridia (np. 9, 17), blood-vessels and 
muscles have taxonomic value, but have been employed but little 
by systematists. 

Coloration .—Four principle types of colour-pattern occur in 
Arhynchobdellid leeches : (1) uniform or self-coloured, (2) mottled 
or irregularlv spotted; (3) longitudinally striped or metamericallv 
spotted, and (4) transversely striped or spotted. Other patterns 
found in the BhynchobdellaB are nearly or quite absent from this 
suborder. 

Strictly self-coloui'ed leeches are l’are. Those appearing so in 
life are usually found upon close examination to be more or less 
mottled. When uniform shades do occur, the venter is usually 
paler, or differs otherwise in colour from the dorsum,and the two 
areas are separated bv marginal stripes, often yellow or orange in 
colour* A median doi’sal stripe, either continuous or broken, 

. ap pears m ore rarely. 

The non-metameric mottled pattern is common, and is due to 
the distribution of individual pigment-bearing excretophores 
widely and superficially in the integuments external to the 
principal muscle-lavers ; but pigment is not restricted to these 
superficial deposits. The colour of the spots appears darker when 
nearer the surface, lighter w r hen deeper. In the strictly mottled 
patternthe spots may be so numerous and confluentthat the effect 
is very dark and nearly uniform : or they may be widely scattered. 
The spots may be punctiform or large, sprawly blotches, or com- 
posed of quadrate areas largely conforming to the boundai’ics of 
the annuli. 

The third type is by far the most pi’evalent, and may be strietly 
cstriped or combined with either of the other patterns. The 
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longitudiual stripes are determined by tbe arrangement of the 
lougitudinal muscle-layer in bands or fascicles, betvveen \vhicb 
the excretophores congregate. In some cases they collect in all 
of the intermuscular spaces, effectiug a finely-lined pattern. 
More frequently they form heavier niasses along the two or three 
pairs of broader intervals through which the dorsal-ventral muscle- 
sheets penetrate the longitudinal muscle-layer. This results in a 
corresponding numtier of dark stripes, the longitudinal muscles 
between appearing lighter. The median field may be pale or 
frequently the seat of a special dark stripe along the line of the 
dorsal blood-vessel. The longitudinal dark stripes are frequently 
composite, constituted of two or more narrower stripes which mav 
approach aud completely coalesce or separate or recede to greater 
depths or become more superficial, with the migrations, extensions 
or contractions of the excretophores. Frequently the darker 
stripes flank the series of sensillse, aud are modified by their 
presence. Usually this takes the form of constrictions or inter- 
ruptions, breaking them int.o short lines, dashes or spots, 
occupying particular annnli and hence arranged metamerically. 
There are many other modifications. Other metameric spots, 
particularly the cream-coloured or pale yellow spot6 which so 
frequently include the sensillae, are quite independent of the 
excretophore pattern and are due to aggregations of reserve eells. 

The transvereely-banded or spotted pattern, so common in the 
Ichthvobdellid», is rare in the Arhynchobdellae, especially in the 
family Hirudidae. When present in the latter it is niost 
frequently expressed by the suppression of pigment and the 
extension of the pale spots on the sensory annuli. The sanie 
pattern may occur in the Erpobdellidae, in which also every 
annnlus may bear a heavy, transverse, solid band or a row of 
irregular spots enclosing tbe small sensorv papillae. The above 
account deals principally with the fixed pigments remaining in 
preserved specimens. 

During life many species of leeches are brilliantly colourecl in 
strikingly contrasting patterns, especially vivid in the water ; but 
after death they rapidly fade. The greens, and the red due to 
'haemaglobin in the blood, rapidly dissolve out in the killing 
and preserving fluids, and are usually completely lost; the pale 
yellows also fade. Bufc the darker yellow, red, brown and black 
pigments belonging to the melanin series resist the action of 
alcohol or formalin, and unless the leeches have been fixed 
in strongly acid reagents or exposed to the light, these pigments 
fade very slowly, and the patterns may be discernible after many 
years of preservation. The greens are commonly distributed 
uniformly superiraposed upon the patterns, which gives the effecfc 
of alternate light and dark green stripes etc. 

Oeographical Distribution .—We can only speculate on the origin 
of the leeches. There is no palaeontological evidence of value. 
The taxonomie, anatomical, embryological and physiological 
•evidences point to their derivation from the Oligochaeta in an area 
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of freshwater swamps and lakes supporting a rieh fauna of 
amphibious and aquatic invertebrates and lower vertebrates to 
serve as food and hosts. We can scarcely more than guess at the 
location of this area, but a slight preponderance of evidence points 
to the central Palaearctic Eealm. However that may be, all of 
the four principal families now generally recognized have a prac- 
tically world-wide distributiou, being well represented in all of the 
zoogeographic realms. The continental forms are limited in their 
distribution both vertically and latitudinally by the Jine of per- 
manent ice and snow. While the exact limits of their range have 
been fixed at but few points, enough is known to show that fresh- 
water and swamp ieeches are abundant in Alaska, Snandinavia 
and Siberia north of 60° and at the southernmost points of the 
South American, AFrican and Australian continents. They cease 
to be definite elements of the faiiua of the Prigid Zones. Verti- 
cally their known range is from sea-level in all regions to about 
12,000 ft. in the Andes and about 10,500 ft. in the Himalayas. 
Like other animals similar phvsiologically, they cnnnotexist where 
the vvater upon which they are so dependent is frozen throughout 
the year. Their activities practically cease at a temperature 
below 40° P. It is noteworthy that the species reaching the 
altitudinal limits are clnefly the smaller Rhynchobdellae, wbile the 
true blood-sucking Hirudidac reach their fiull development in the 
wavmer tropical and sub-tropical regions, where the warm-blooded 
mammals which they attack more habitually seek the cooling 
waters or the shade of the humid forests and jungles. 

True raarine leeches belong exclusively, vvith one possible 
exception, to the family Ichthyobdellidae, and these transcend the- 
limits imposed on continental leeclies, for they are carried by their 
piscine hosts far into the Arctic and Antarctic areas and to con- 
siderable depths, the lower limit of which is unknovvn. No- 
Arhynchobdellid is known to he marine or to inhabit even 
definitely salt water, though a few may live in water very slightly 
brackish. Some of the true scavenger species will collect in badly- 
polluted water for the sake of the food contained therein. 

Notwithstanding that the collections of the indian Museum, 
thanks to the energetic interest of the late Dr, Annandale and 
several oF his excellent collectors, are rich in leeehes, there are still 
manv gaps in our knovvledge of their distribution throughout the 
large territory covered by this report. This is true especially 
of the less conspicuous non-blood-sucking forms, which are readily 
overlooked. One of the principal uses of this work will be in 
indicating under each species the known distribution and the areas 
from vvhich further collections are desired. 

In a group so small as the Hirudinea, faunal generalizations nre 
safe only when knowledge of disfcribution is very exact, for the 
limited number of species greatly increases the probable error 
based upon incomplete knowledge. 

There are, however, a few rather definitely outstanding features 
of the Indian leech fauna. Kashmir, lving north of the main 
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axis ot‘ the Hiinalayas, is cut off froin the remainder of India by 
high snovv-clad peaks which form a barrier to the spread of 
leeclies, except such forms as may be carried in the pharynges 
of tbe larger mammals. The Indus River, which might be 
expected to provide a migration route from the south to the 
Kashmir Valley, is itself largely isolated frora Hindustan by the 
Indian Desert, which also is a barrier to fche free passage of leeches. 
As a consequence, wliat little is known of the leech fauna of 
Kashmir points to closer affinities with the Eur-Asiatic fauna than 
with that of Hindustan. 

The extreme north-western provinces along the Persian and 
Afghanistan boundary are separated from Iudia proper by the 
Iudian Desert, a dry region not known to be inhabited by any 
leeches, though one or fcwo species may live in the springs 
and wells. While very little is known of the leeches of this region, 
t\vo species belonging to the circum-Mediterranean fauna have 
been reported. 

The remainder of India, including Ceylon and Burma, belongs 
definitely to the Indo-Malayan region \vith some African affinities. 
Ceylon and the southern portion of the peninsula approach the 
Malayan and Philippine Archipelagoes rather more closely, and 
the northern Himnlayan region, in addition to the peculiarly rich 
fauna of true land-leeches, as will be pointed out in greater detail 
under the genus ffcemadipsa , shows some Chinese intrusions. 

In addition to the abundance of true land-leeches, the 
Arhvnchobdellan fauna of India exhibits two other peculiarities. 
Pirst is Ihe prevalence of vicious blood-suckers of the Pcecilobdella - 
ffirudinarici group, which couie much nearer to representing the 
aquatic stock from which the land-leeches arose than does Hirudo^ 
The secoiul is the presence of two strikingly characteristic genera 
of Erpobdellidse described by Kaburaki and not kno\vn at present 
to occur elsewhere though related genera occur in Africa. 
Both of tliese are distinguished by the possession of several paira 
of supplementary submarginal eyes. Our knowledge of the 
members of this family is especially deficient. Most of the species 
nre rather small and their habits such that they readily escapo 
attention. 

The extensive areas of swamps, together with the cultivation of 
rice, the use of domestic animals that enter water, the habit 
of the natives of going bare-footed, and in most parts of the country 
the t\velve months of growing weather, make India most favourable 
for the development of leeches. They are probably more abun- 
danfc in the Indo-Malayan Region than elsewhere in the world, 
with the possible exception of tropical South America. 

Economic Relations .—As referred to above, the great abundance 
and wide prevaleuce in India of both aquatie and terrestrial 
leeches, together with their close association with human habila- 
tions, gives to them unusual human importance. Nevertheless, 
extremely little definite information relating to this aspect of the 
subject is available from Indian sonrces. A most useful con- 

i 
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tribution by a person favourably situated on the ground \vould be 
the colJection of economic data and statistics. Some specific data 
are given under particular species. 

The relation of leeches to human interests may be considered 
under five heads :—(1) as food for other animals, (2) as enemies 
that attack other animals of concern to Man, (3) as pests that 
annoy or injure Man, (4) as transmitters of human or animal 
diseases, (5) as surgical agents. 

(1) Coneerning North American and European species, much 
information exists relating to a great variety of animals that prey 
npon leeches and their egg-cases. Certain fishes, dueks, snipe, 
plover and other birds, as well as some of the small mammals, 
derive a considerable portion of their sustenance therefrom. The 
great abundance of leeches in India leads to the inference that 
there also similar animals similarly utilize them. With the single 
exception of Miss Eobertson’s statement that the “milk ” turtle 
eagerly devours Poecilobdella gramdo&a (= Hirudinaria manillensis), 
I have been unable to find any confirmatory records, tbough it 
is possible that Indian naturalists and sportsmen may be familiar 
with many instances. 

(2) Predaceous leeches destroy large numbers of \vorms, in- 
cluding other leeches, insect larvse, mollusks, and other inverte- 
brates, some of whieh affect human interests. A few records in 
the literature ( e . g . Tennent, 1860) and some personal observations 
of stomach contents establish this fact for Indiau species. Blood- 
sucking and parasitic species attack a great variety of vertebrates: 
fishes, frogs, toads, turtles, crocodiles, snakes, birds and mammals. 
Small and weak fishes, frogs and turtles are known to be killed 
outright or greatly injured by them, and the attacking numbers 
are sometimes so great that even vigorous hosts must lose in 
vitality. In America the economic drain on the fisheries from 
this source is quite appreciable, though not accurately computable, 
and doubtless tbe same holds true for India. Indian land-leeches 
sometimes attack snakes (Wall, 1914), and as a favourite point of 
attachment is the eye, as a result of which the victim may be 
blinded, it is possible that they may prove to be a factor in the 
control of venomous as well as of harmless snakes. They may 
also exert a repressive influence on the rodent population, thus 
diminishing the supply of these enemies of agriculture and the 
natural food of many serpents. It is, however, difficult to ascer- 
tain the actual facts of such relations. The attacks of land-lceches 
upon horses and other draft animals are well kuown and 
«.utbenticated by the accounts of travellers and the narratives of 
scientific,.military and other expeditions into their haunts. These 
animals are ofteu driven wild by them and become intractable. 
Horses, cattle and dogs are soinetimes blinded, and young or 
decrepit animals are killed by their attacks. The large aquatic 
medicinal leeches which so abound in the paddy-fields and tanks 
in the agricultural districts throughout a large part of India are a 
flource of great nnnoyance and probably of some injury, especially 
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to buffaloes, which feed in swnm|)y places and wade and wallow in 
the poiids where these leeches are especially abundant. Whether 
this species actually enters the nares of drinking cattle is not yet 
definitely settled, but this annoying habit is very characteristic of 
another and even larger species, the so-called cattle leech 
(Dinobdella ferox). While it has proved impossible to secure 
complete and accurate statistics coveriug the prevalence and the 
extent of the damage done by this species, it is obvious that it is 
widespread geographically, and in some districts, especially iu the 
Punjftb aud Manipur, so abundaut that a very large percentage of 
the cftttle are infested. There is much evidence of the seriousness 
of its effects upon its hosts, which sometimes die as a result of the 
continuing hasmorrhage. 

(3) There is general agreement that of all of the annoying 
pests of Iudia and Ceylon the land-leeches are the worst. Eew 
travellers, sportsmen or missionaries, whose quests have carried 
them into the humid valleys and jungles, have failed to briug back 
tales of bloody encounters with them. Some regions are reputed 
to be rendered uninhabitable for either man or beast because of 
their abuudance and ferocity. Stories are told, and some of them 
at least appear to be well-authenticated, of persons lost or injured 
in the jungles who were killed outright by the loss of blood or 
badlv crippled through the attacks of myriads of these little 
leeches. While the bite of the common laud-leeches is nearly or 
quite painless, that of others, especially of those inhabiting the 
lower slopes of the Himalayas, of Sikkim and the hills of Assam, 
is reputed to be very painful. Whether as a result of accidental 
infection or as a direct effect of the bites, stubborn sores and 
ulcers often follow their attacks, and may lead to permanent 
erippling. 

As the cattle leeches take up their abode in the pharynx and 
larynx of domestic animals, so do certain other leeches attack Man. 
This is especially true of Limnatis nilotica , whieh enters the Indian 
fauna from the Persian border, and may have a wider range tlian 
the actual records indicate. The related Hirudinaria ( Poecilobdella ) 
c/ranulosa is reputed and the land-leeckes are known to indulge 
occasionally in the same habit. 

(4) Wkile no Arhynochbdellid leech of Iudia has been definitely 
connected with the transmission of any disease of Man or the 
domestic animals, there is much reason to hold them under 
suspicion. Phynochobdellid leeches are well known to play the 
role of intermediate liost to certain metazoan parasites and to act 
as carriers of protozoan blood parasites of invertebrates aud lower 
vertebrates. Miss Eobertson (1909) has established Olossi - 
phonia as the vector of the Trypanosoma of the milk turtle in 
Ceylon, and has shown that the common medicinal leech of that 
island will harbour and possibly transmit these same parasites. 
To the commou paddy-tield leech, Hirudinaria manillensis of the 
Philippines, has been attributed the role of carrier of thepathogenic 
organism of rinderpest (Boynton, 1913). This same species is the 
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cominon aquatic leech of Oejlon, and occurs to some degree 
throughout. the lowlands of India. Also ifc is closely related and 
Bimilar in habits to the very abundant and widely-distributed 
Pcecilobclella granulosa . Therefore suspicion should be cast upon 
these and related species as possible agents in the spread of that 
most injurious of all cattle diseases of India. The land-leeches of 
Java (Prowazek, 1904) are reputed to transinit the flagellate 
( Uerpetomonas) causing gangrenous ulcer. As similar ulcers are 
reported to have followed the bites of land-leeches in Ceylon and 
India, it is probable that a similar relation exists here also. The 
habit of sanguivorous leeches of congregating about inflamed sores- 
or wounds and abrasions that may be already infected, together 
vvith their proneuess to pass from host to host, constitutes them 
almost perfect simple mechanical carriers of bacterial infections. 
There is little doubt that in India, as elsewhere, they are not 
guiltless in this respect. Boils and ulcers of various kinds are so 
prevalent in these tropical countries, and the bare legs and feet of 
the natives so expose them to the attacks of leeches, that the latter 
are suspected of contributing to the spread of these affections. It 
is altogether probable that both the land-leeches and the aquatic 
leeches of India mav prove to play an important part in the dis- 
semination of skin diseasesand blood parasites. A thoroughgoing 
investigation of them from this point of vievv is much needed. 
Such leeches also are the intermediate hosts of immature verminous* 
parasites, the final hosts of vvhich wi)l probablv prove to be birds 
and fishes that prey upon them. 

(5) Whether the practice of blood-letting by means of leecbe& 
originated among the Hindus and the knowledge was carried from 
India to other countries and peoples, or whether it originated 
independently.in the latter, probably cannot be known vvith cer- 
tainty. In any event, the most ancient records of phlebotomy by 
means of leeches pertain to the Indian region, vvhere conditions- 
would seem to be peculiarly favourable to the development of this 
art. Men must very early have had brought to their notice the- 
relief resulting from the withdravval of blood from local inflam- 
mations following the attacks of tbese nat.ural blood-letters. 

The use of leeches in Hindu medical practice is very ancient r 
and formerly vvas extensive. Even now they are employed largely 
bv the native medical men, although little use is made or them by 
European practitioners. Most recent references to the subjecfc 
are based on the very full account given in the two-thousand-year- 
Dld Sanskrifc System of Medicine of Susruta. The following is^ 
,aken chiefly from Dutt (1845):—“Leeches have been employed 
;rom time immemorial in Asia, but particularly in Bengal, vv r here- 
they are considered as the best meaus of removing blood from a 
part. They are used parfcicularly for Bajahs, for woraen and timid' 
persons, and for the very young and very old.” 

The Sanskrifc name for leeehes collectively is JalouTca , or 
Jalulcdha . ef vvhich there are many variations in the several: 
Indian language^. Susruta distinguishes twelve kinds, each. 
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having a distinclive uaine. Of tliese, six are described as venomous, 
and six as useful in blood-letting. Among the injurious varieties, 
the Indrayudha , the bite of which is reputed as fatal, may be 
Uoemadipsa ornata , as it is described as u having longitudinal lines 
aiong its back like a rainbow.” Probably most of the others are 
varieties of Hirudinaria ( Poecilobdella) (jramdosa and related forms, 
tlie Alagarda, \vhich are stated to u have hairs on their body,” 
being large examples with prominently projecting sensory papillse, 
such as are met \\ith not infrequently. 

“Tiiese deleterious leeches, when they are employed, produce 
heat, s\velling, pain and itching of the part; followed bv excessive 
irritation and fever, with spasms, sickness and syncope. The 
bites of the Indrayudha leeches are considered fatal. These kinds 
of leeches are found near putrid fish or animals, in foul, stagnant 
and putrescent water. Such leeches are consequently to be care- 
fullv avoided.” This indicates that they carry septic bacteria. 

Of the six kinds of good leeches, probnbly all, except the 
Shabai'ika , which is supposed to be Dinobdella ferox , are colour 
varieties of Pcecilobdella and Hirudinaña . “They are found in 
small nuinbers in clear and deep pools of water, which contain 
water lilies, and are surrounded by sweet-smelling plants. The 
middle-sized leeches are the best.” Quaint directions are given 
for keeping and applying the leeches. 

Leeches are also used as materia medica in the treatment of 
tonsilitis, haBinorrhoids and baldness. Hirudin extract is employed 
in modern hospitals as a hacmolytic agent. 

The present-day use of leeches in phlebotomy will be referred 
to in the account of Pcecilobdella granulosa , which is the species 
principally employed in India. 

Methods of Study and Prcservation. —That the Hirudinea is a 
group of peculiar difficulty to the systematist is evidenced by the 
slow progress and many failures that have attended its study. 
Anyone who ha6 studied this gi*oup as well as the related Oligo- 
chaeta and Polychaeta knows with how much greater ease the species 
of the latter two orders may be discriminated and characterized, 
Leeches lack the many salient external features of the former. 
and are much more ditticult to dissect than the latter. The chief 
ditficulty, however, arises from their changeableness, from their 
great capacity for contraction and extension, and their greatly 
altered appearance in surface-markings, colour, form, etc., with 
changes in the physiological conditions of nutrition, maturity, etc. 
Individuals of the same species may appear quite different or of 
dififerent species so alike as to be confounded, aecording as their 
physiological states are diverse or similar. A leech that appears 
linear when extended may be egg-shaped in complete contraction. 
When unfed and resting, it may be greatly flattened, transparent, 
pale-coloured and rough, with protruded, alert, sensory papillae, 
and when gorged with blood the same leech will be many times 
larger, distended, thick, opaque, dark-coloured and smooth. This 
is true of living leeches, whic!i present wide ranges of variation. 
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Equally great or even greater differences resultfrom the rough- 
and-ready methods of preservation employed by many collectors. 
Many nominal species have been founded upon nrtifaets, and 
many real species have been obscured by them. The systematist 
necessarily is compelled to depend for his material largely upon 
museum collections. M.uch of this is in sucli a bad state that the 
labour of studying it is very greatlv multiplied, and even in 
experienced hands manv importaut points must be left undeter- 
mined, especially such as the annulation of the incomplete somites, 
the location of sensillas and nephropores, the characteristics of the 
teeth, arrangement of the gastric cseca, ete. 

Under these circuinstances the systematic student of ieeches 
requires an abundauce of material representing a variet-y of ages, 
seasons, localities, habitats and physiological condit.ions, \vhich, 
together with the iiving colours, should be recorded as specifically 
as possible ou tbe labels. The preserved leeches should be 
straight, moderately extended, undistorted. and, of course, neither 
macerated, overhardened nor dried. To insure these results a 
staudard method of preparation siiould be adopted as far as 
possible, and it should be so simpie that the general collector cnn 
apply it. Tlie following is recommended. The leeches are plnced 
in a vessel with a small quantity of \\ater and are stupefied or 
anaesthetized witli any one of the following: carbon dioxide (as in 
soda-water syphons), chloroform fumes, chloral or chloretone or 
cocaine hypochlorate (of about l-l 000 strength), weak nicotine or 
tobacco decoction, magnesium sulphate or alcohol added gradually, 
or very \veak acids, like lemon juice, in which leeches usually die 
extended. When they no longer respond to pinching with forceps 
or similar stimulation, and before maceration begins, they are 
rapidly passed bet\veen the fingers to remove the surplus mucous, 
straightened o)it, and laid extended side by side in a flat dish. 
The fixing fluid is gently poured on T usually at first not quite 
enough to cover and float- them. After allo\ving a few minutes 
for them to partially harden, sufficient of the lluid is added to 
completely immerse them, care being taken to prevent floating. 
Eor ordinary museum purposes 50 per oent, alcohol or 2 per cent. 
forrnaldehyde will answer perfectlv, the latter being preferable as 
less likelv to cause the cuticle to se])arate. After they have 
become fully st.iffened the leeches should be transferred to stronger 
solutions, and finally preserved in generous quantities of 85-90 per 
cent. alcohol or 4 or 5 per cent. formaldehyde. Thev should be 
placed in tubes or vials of sufficient length and diameter to keep 
them straight and to avoid crowding and distortion. 

Eor more special purposes of studv special methods of fixation 
should be emploved and should be noted on the label. Most of 
the methods recommended for earthworms are applicable to leeches 
(see Lee, 1921). Eor a general fixative a saturated solution of 
corrosive sublimate is excellent; Eleming’s fluid used with the 
customary precautions is one of the best for faithful preservation 
of histological detail. To bring out more elearly the sensillae and 
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aurface-markings weak chromic acid (aboufc | per cenfc. aqueous 
Bolutiou or, better, equal parts of chromic acid 1-400 and platinum 
chloride 1-400), or Perenyi’s fluid are useful, bufc too sfcrong solu- 
tions, too long exposures, or failure to wash oufc very thoroughly 
are iikely to be disasfcrous, chroinic ncid rendering the tissues very 
brittle, and Perenyi's fluid, or any strong acid, causing the con- 
nective tissues to svvell and histolize. 

By far the niosfc satisfacfcory study of leeches can be made with 
living or recenfcly killed specimens at hand, for these alone exhibit 
the true colours, normal proportions, etc. On the other hand, the 
details of annulation, surface soulpture, and most of the internal 
anatomy, can be worked out best on properly hardened specimens. 
Almoat the entire anatomy of small leeches inay be determined by 
subjecting liviug specimeus to pressure aud sfcudying them vvith a 
microscope, Properly preserved specimens stained in Grenacher's 
alum carmine, and if necessary slightly de-stained, and mounted in 
diaphane, balsam or Farrant's medium, ansvveralmost equally vvell. 
Speciinens too large or too opaque for such treatmenfc must be 
dissected, as a kuoxvledge of tbe anatoiny of the alimenfcary canal 
and reproductive orgaus afc least is essential. 

Ordinary museum specimens cleared in glycerine, or dehydrated 
and cleared in cedar oil or diaphane, bring oub mauy points, such 
as tbe caDcation ot tlie stoinach, the exact posibion of the eyes, efcc., 
ofteu nofc determinable otherwise on entire specimens. For a 
study of the digestive system, examples partially distended with 
food should be selected, as the cseca often nearly or quite disappear 
in sfcarved leeches, and becoine so greatly disfcended and crovvded 
in gorged ones fchafc the defcermination of their true form and 
relations becomes difficult. The teeth are best brought out by 
mounting the javvs in glycerine, glycerine jelly or Farrant’s 
mediu n, either sfcained or unstained. On museutn specimens the 
teeth are often lost, either through detachmenfc along wifch the 
cuticle, or dissolutiou through the action of preservative media. 
The blood-vessels are often filled vvith coagulated blood, furnishing 
very perfect natural injections. When, as ofteu occurs in for- 
malin speeimens uot fcoo old, the blood retains its natural colour, 
very complete dissections of the vascular systein are possible without 
other preparation. In cases where the nephropores are obscure 
they raay be demonstrated ofteu by drying the surface with filter 
paper and then pressing on the region of the nephridial vesicles 
thus causing a minute drop of fluid to appear at each pore. Or 
the leech may be placed in a coloured fluid and the body alter- 
nately pressed and released, vvhich fills the vesicles. The leeoh is 
then washed and placed in vvater under the dissecting microscope, 
when the coloured fluid may be seeu diffusing from the pores. Of 
course serial sections are requisite to the sbudy of the minute 
anatomy and the determination of special points. 

For fche mapping of metamerism the sensillaB furnish the most 
reliable crifceria. When these are invisible in surface views, the 
eyes iu the head-region, and the nephropores, relative depth of 
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annuli, colour-markiugs and nerve-ganglia in the other regions 
generally ans\ver as substitutes. I'inal appeal in cases of doubt 
is made to the nerve distribution. The determination of the 
annular composition of the incomplete anterior and posterior 
somites is most important, and it is here especially that poorly- 
preserved material is misleading. Strong contraetion deepens the 
t‘urrows, obscures differences in relative depth, and brings into 
vie\v or accentuates incipient furrows scarcely visible otherwise. 
Very faint furrows and other surface markings may be accentuated 
by drying the surface and examining in a strong light impinging 
at a right angle to the line to be demonstrated. It may also alter 
the relative position of furrows, eyes, integumental areas, etc., 
rendering interpretation difficult. Maceration or too great relaxa- 
tion, on the other hand, tends to smooth out and equalize all 
furrows. Because of these conditions the diagrams of annulation 
so generally used \vith descriptions of leeches are often misleading, 
as nearly al\vays all furroxvs and annuli are represented as of equal 
prominence and value \vhich, as a matter of fact, they rarely possess 
at the ends of the bodv. As different observers studying material 
in differing states of preservation and extension \vill often arrive at 
different interpretations, considerable confusion results. While 
such diagrams are very useful, they should be supplemented by 
accurate dra\vings or photographs, made whenever possible from 
well-preserved extended specimens. 

Among special desiderata are the smaller and more obscure 
species, especially of the Erpobdellidse, and burro\ving species, 
which have been little collected in India, individuals taken in 
copulation or recently in copulation with attached spermatophores, 
and egg-capsules, taken in connexion with the leeches which have 
fabricated them. Scarcely anything is known of the capsules of 
Indian species. 

Classification .—So far as no\v known, the generally-recognized 
families (Erpobdellidae and HirudidaB) of the suborder Arhyncho- 
bdellae are clearlv defined. Various lo\\ er subdivisions, subfamilies, 
tribes, series, etc., liave been proposed. Most of these are based 
upon single characters more or less clearly recognizable in typical 
forms, but rarely of sulficient constancy or importance to clearly 
define all of the members of a natural group. On the contrary, 
many o'f them are demonstrably artificial and limited, a fact that 
becomes increasingly evident as leech anatomy becomes better 
kno\vn. In a small group of animals like the Hirudinea minute 
taxonomic subdivisions above genera have not the practical 
urgency often found in large groups comprising many species. 
Only confusion results from the use of groupings not thoroughly 
substantiated. It is far better to wait nntil our knowledge 
reaches a point where true phylogenetic relations bocome clear 
and natural subdivisions evident. Iri the present book, therefore, 
some of these names have been employed as descriptive terms 
only, not as taxonomic groups. Above species, with one exception, 
<>nly genera and families are recognized. 
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Suborder ARHYNCHOBDELL^E. 

Of the ArhynchobdellaB there are recognized two faniilies, 
characfcerized as follo\\ s :— 

A. Eyes never arranged in a regular arch 
of five pairs on contiguous soinites of 
the head, hut varying in nuniber and 
arrangement, or even absent; meta- 
meric sensillae obscure, not diftering 
obviously from ordinary sensory pa- 
pillae; annuli of complete somites 
tending to multiplv from the basic 
quinquannulate conaition ; male geni- 
talia terminating in a spermatophore 
sac (atrium) lacking a filiform penis ; 
female genitalia with vagina scarcely 
distinguishable ; jaws absent or vesti- 
gial; teeth absent or single retractile 
stylets; pharvnx elongated, with 
three muscular ridges; gastric caeca 
totally absent or at most a single 

pair of small ones .,. Erpobdellidae, p. 126. 

AA. Eyes forming a rfegular arch on con- 
tiguous somites of the head, nearly 
always five pairs ; metameric sensillae 
usually conspicuously distinct, com- 
plete somites generally quinquannu- 
late and tending toward reduction 
rather than elaboration; male geni- 
talia terminating in a complex atrium 
nsually provided with a penis; female 
genitalia with a well-developed vagina 
corresponding in lengfch with the 
penis; jaws typically present and 
tooth-bearing, but may be toothless 
or absent; pharynx short, bulbous, 
with strong radiating musculature; 
at least one pair of large gastric 
cseca, usually several pairs Hirudidge, p. 154. 
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Fatnily ERPOBDELLIILE. 

Synonomy : 

Gnathobdellea , Leuckart, ]863 (in part). 

Gnathobdellidce , Claus, 1885 (in part). 

Nephelidce , \Vhitmau, 1886. 

Nephelides , lUanchard, 1887. 

Herpobdellidce , Blanchard, 1894 (and subsequent writers). 

HerpobdeUince+Trochetince , Perrier, 1897. 

Erpobdellidce , Moore, 1924. 

Pharyngobdellce, Johansson, 1913, 1914. 

Type-genus, Erpobdella *, Blainville (in Lamarck), 1818. 

General Characteristics .—The worm-leeches are of small or 
medium size and slender linear form, and possess great powers of 
extension. They are terete or subterete anteriorly, becoming 
gradually more flattened tovvard the caudal end, where the 
margins are often sharp or even flanged. No very definite ex- 
pauded sucker at the anterior end, but rather a mouth over-arched 
by a prominently projecting lip. Caudal sucker also a relatively 
small, little expanded disk directed ventrad and broadly attached 
by a slightly differentiated pedicel. Body very muscular, firm 
aiid slippery, only rarely softened by the development of 
botryoidal and parenchymatous tissue. 

Eyes usually in two groups, the more anterior (labial group) of 
one or two pairs close together on the dorsurn of the lip (II or 
III) and directed chiefly forward; the posterior (buccal group) 
usually of two pairs of smaller eyes directed latero-caudad, on 
the sides of the buccal ring (IV). The latter, or even both 
groups, may be absent, or accessory eyes may be present in the 
florsal paramedian and intermediate or the ventral submarginal 
series of the posterior cephalic arid anterior post-cephalic somites. 
Sensory papillae occur in one to three, more or less irregular, 
transverse rows on each aunulus, both dorsally and ventrally, and 
the true segmental sensill® cannot be distinguished from these by 
ordinary surface examination. 

Clitellum typically better developed, or at least more con- 
spicuous, externally than in the Hirudidae, completely zonary, 
occupying about fifteen anuuli—X65 to XIII«2 inclusive, or 
their equivalent. Gonopores usually separated by less than five 


* The spelling here adopted follows de Blainville’s (1818) original. As 
this author employed the same orthography in two subsequent vvritings, there 
<jan be no question but that it wus intentional and preferred. Coneequently 
there was no justification for its later alteration by Agassiz (1846) and 
Blancbard (1894). Unfortunately the latter author has been followed by 
nearly all subsequent (including the present) writers, and the erroneous 
though probably orthographioally preferable) spelling is widely prevalent. 
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nnnuli (full somite), but may be from two to seven annuli apart. 
The male pore is large and usually on somite XII, the female 
small and on XIII, but both may be on XII or at its borders, 
and there is much variation. Rarely ( Barbronia weberi) accessory 
copulatory (?) pores and areas occur anterior to the male and 
posterior to the female gonopore and may be connected with the 
oyisacs by directive or conducting tissue(“tissu vecteur,”Brumpt). 
Nephropores situated as typicalof the suborder, but in thestrictly 
aquatio species, at least, they are small and much more difficult 
to detect than in the Hirudid». 

Metamerism is more difficult to decipher than in the Hirudidae 
ovving to the obscurity of sensillae and nephropores, and recourse 
to the nerve-gauglia is often necessary. Complete somites are 
fundamentally quinquannulate, but, in conformity wifch the ten- 
dency toward body elongafcion, there is a corresponding tendency 
toward multiplication of the annuli, one or more of which may 
be subdivided and resubdivided to form from six to eleven. This 
eharacteristic is expressed most frequent]y by far in the enlarge- 
menfc of annulus 6 6. A 2 also is very cominonly longer than the 
contiguous secondary annuli and may bear an incipient furrovv, 
but subdivision rarely goes far enough to form distinct annuli. 
Further multiplication of annuli takes place in fche presensory 
and postsensory regions, especially in the latter, as illustrated in 
the diagrams of Nephelojpsis and Trocheta on Plate I. A nnuli of 
the higher orders are often markedly shorter than those of the 
lovver orders, and this condition is described by the term 
spactodesmine (subfamily Epactodesminae, Blanchard, 1897), the 
equiannulate condition being haplodesmine (Haplodesminae, 
Blanchard). The evidence, hovvever, is againsfc the actual “ inter- 
calation ” of new annuli and in favour of tlieir origin through 
grovvth and subdivisiou of the annuli of lower orders. 

All four of the principal colour types occur in this family, but 
the longifcudinally striped pafcfcern is by far the most prevalent, 
the othera decreasing in relative frequency in the order named :— 
(1) transversely banded or spotted, (2) irregularly bloteked, and 
(3) self-coloured. There is much individual variation. In 
eontrasfc to the eondition usual in the Hirndidae, the young of 
this family are nearly or quite unpigmented, and appear more or 
less pink or even brighfc red, due to the blood shovving through 
the translucent fcissues. Some of the species of small size seldom 
develop bevond this state. 

The alimentary canal and reproducfcive organs have been 
described vvifch suffieient fullness in the general account of the 
suborder (pp. 104—110). However, especial attention needs to be 
directed to the taxonomic value of the two types of pharynx, in 
one of which ( Euthylcemata , Oka, 1923) tbe unpaired ridge is 
dorsal and the paired ridges ventro-lafceral for the enfcire length, 
and in the other ( Strepsileemata , Oka) these positions are reversed 
excepfc at the cephalic end of the pharynx, fche posterior parfc 
having undergone an apparent rotation through 60°. With the 
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strepsiJaeniatous type are sometimes associated vestigial true ja\v& 
or solitary teeth (stylets) and usually pseudognaths of Jarger siz& 
(pp. 104, 105). Ilarely the stomach is placed in communication 
with the exterior by a median dorsal pore or a pair of ventral 
pores, the function of which is unknown. 

All that need be added to the account of the reproducttve 
organs (pp. 107,109) is to emphasize the importance for generic 
diagnoses of the modifications of the atrium and associated parts^ 
as indicated under the several genera. 

Nephridia have the general form and distribution usual in the 
suborder, but typical genera difier from typical Hirudidse in that. 
the nephrostomes lie in the ampullar instead of the testicuJar 
sinuses and reniain open, and the nephridial vesieles are smaller. 

Tlie most noteworthy feature of tlie vascular system is the 
occurrence in most of the complete somites of double pairs of 
vesicles (ampullar sinuses) connected by transverse vessels witb 
the dorsal and marginal longitudinal trunks. The blood, which 
Oka, Johansson, and others regard as coelolymph, is bright red. 

Most species of the worm-leeches are strictly aquatic, being 
inhabitants of fresh water of all kinds. They are found among 
the vegetation or under stones in the still \vaters of lakes, ponds 
and ditches, on the tidal flats of large rivers above the point of 
apprec-iable salt mixture, under stones in svvift mountain brooks,. 
and equally in sevvage-polluted rivers and the pure eold water of 
springs. Some of them ( Trocketa ) are truly amphibious, and 
leave the water at night to fare far over the land in pursuit of 
earthworms. Others are more strictly terrestrial. These occur 
especially in South America and in Japau. None of them have 
been definitely reported from India, but they may be expected to* 
occur in the damp hill-forests. They differ greatly in both 
appcarance and habits from the true land-leeches. They are 
predaceous and, Jike the amphibious forms, wander about at night 
seeking earthworms, insect larvse and similar food, and some are 
true burrovvers. 

The aquatic species include some of the most active of all 
leeches. They are povverful svvimmers, moving with a graceful 
undulatiug motion with the body either in a vertical or horizontal 
position and sometimes with the Jiead elevated above the surface. 
They are carnivorous and voracious, swallo\ving various kinds of 
worms, insect larvse, snails, etc., either entire or in large pieces. 
Many also are scavengers, and \\ ill gather in large numbers at 
points where the wastes from slaughter-houses and fish-canneries 
are dumped. This liabit Jeads them to collect in rivers polluted 
by sewage and on the lee shore of ponds and lakes where the 
dead bodies of tishes etc. often become stranded in large numbers* 
None are known to be true blood-suckers, but many will attach 
to bleeding cuts and abrasions of the skin and imbibe a meal 
tlierefrom. 

In reproduction they unite in pairs and mutually exehange 
spermatophores, \vhich are double-barreled tubes filled witli 
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bundles o£ spermatozoa. These are attached preferably to the 
ventral face of the clitellar regiou, which is a specially receptive 
area, but may be attached elsewhere. The integment at the point 
of attachnient undergoes partial histolysis, and the spermatozoa 
penetrate hypodermically and travel to the ovisacs, vvhere 
fertilization occurs. The fertilized eggs are laid in small, flat, 
pouch-like aud thin-wallecl capsules, formed by the cliteUar glands 
and attached by oue flat side to stones, sticks, plants, etc., in the 
water. Each capsule contains a small number of eggs suspended 
in an albuminous jelly. In developinent a remarkable meta- 
morphosis is passed through, during vvhich most of the embryo is 
discarded, and the body of the leech arises from a new and 
localized area of development. Seldom more thau four or five 
young leave the capsule by one of the two tubular orifices, which 
may be closed by a plug previous to hatehing. 

So far as known, tlie Erpobdellidas have little economio 
importance. The larger species make excellent bait for such 
fishes as bite on earthworms, their extreme toughness, vitality 
and activity being their chief merits. lmmature nematodes and 
the larval stages of both trematodes and cestodes are common 
parasites, the latter probablv finding their definitive hosts in 
lishes or fish-eating birds. 

Our knowledge of the Indian species of this family is still ver y 
incomplete, and nearly all of what is known was contributed by 
Kaburaki (1921), vvho described several interesting new forms. 

The genera here recognized are in need of further revision. 


Key to Genera and Subgenera of Indian Erpobdellidce, 

I. Pharynx with muscular ridges at anterior 
end median-dorsal aud paired ventro- 
lateral, but immediately behind buccal 
region twisted spirally anti-clockwise 
through 60° and continuing for rnost of 
the length as median-ventral and paired 
dorsal ridges (Strepsilcemata, Oka, 1923). 

A. No dorsal canalfrom stomach to exterior. 
a. No anterior vestigial jaws or teeth 
(stylets) in pharynx, no accessory 
post-cephalic. eyes. 

1. Complete somites quinquannulate, 

the last annulus (6 6) not obviously 
enlarged and subdivided ; eyes 
limitedto labial and buccal groups; 
atrium deeply divided, with promin- 

ent cornua, and ducti ejaculatorii [p. 130. 

with long preatrial loops .. Ebpobella (s. str.), 

2. Complete somites variously sub- 

divided into long and short rings, 
usually octo- or novem-annulate; 
eyes typically as in 1; atrium as 
in 1, nut with cornua usually 
spirally wound Tbocheta, p. 151* 

K 



130 


ERPOBDELLID^J 


aa. One or two stiliform teeth on anterior 
end of each pliaryngeal ridge; eyes 
variable; complete somites quinquan- 
nulate, but with b 6 more or less 
enlarged and subdivided ; atrium not 
deeply cleft and ducti without long 
preatrial loops. 

3. Eyes as in Erpobdella , no accessory 

post-cephalic eyes ; accessory copu- 
latory pores or areas at X/XI and 
XIII/XIV 

4. Submarginal accessory eyes on several 

post-cephalic segments. No ac- 
cessory copulatory pores 
AA. A dorsal canal between stomach and 
exterior. r 

5. Complete somites highly complex, 

much as in Troeheta ; eyes one 
pair on dorsum of head 


Barbronia, p. 135. 

[p. 140. 

Herpobdelloidea, 


[p. 149. 

Foraminobdella, 


Grenus EBPOBDELLA, Blainville. 

Synonymy : 

Helluoj Oken, 3815; not Helluo , Bonelli, 1813 (Insecta). 

Erpobdellaj Blainville (in Lamarck), 1818, Blainville, 1827, 1828. 

Nephelis, Savigny, 1820 (1822). 

Herpobdella , Agassiz, 1846. 

Herpobdella , Blanchard, 1894, and subsequent writers. 

Erpobdella , Moore, 1891. 

Diagnosis. —Complete somites quinquannulate, all annuli of 
approximately equal size and developmenfc, or b 6 slighfcly longer 
but not obviously subdivided, at least not much more so tban the 
others. Eyes usually three or four pairs, one or two pairs in a 
labial group on the dorsum of the lip, and tvvo pairs on the 
sides of the buccal riug. Vasa deferentia in all known species 
form long preatrial loops reaching to ganglion XI; atrium deeply 
cleft, prostate cornua prominent, simplv curved but not spirally 
coiled (goat-horned, nofc ram-horned). 

Type, Hirudo vulgarisj Miiller, 1774 (in part, exel. Hirudo 
testacea , Savigny, 1820 (1822)). 

Only known Indian species: Eyes four pairs; gonopores 
separated by three (2 1/2-3 1/2) annuli. E . octoculata (LinnaBUs). 


24. Erpobdella octoculata (Linuaeus). (Plate VI, fig. 12.) 

Synonymy , European: 

Hirudo octoculata Linnseus, 1758, p, 649. 

Hirudo vulgaris Miiller, 1774, p. 40 (in part). 

Erpobdella vulgaris, Blainville (in Lamarck), 1818, p. 296 (in part). 
Hirudo atomariaC arena, 1820, p. 295 (fig.)* 

Nephelis atomaria, Moquin-Tandon, 1826, p. 128 (figures). 
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Herpobdella atomaria , JBlanehard, 1894, p. 56 (complete European 
synonomy and tigures). 

HerpobdeUa octoculata t Johansson, 1909, p. 376. 

Asiatic: 

Herpobdella atomaria (Carena), Oka, 1910, p. 117 (Japan, very 
abuudant, sex poies x 2 1/2 aun.). 

Herpobdella oetoculata (Linnteus), Oka, ]917, p. 165. 

Herpobdella octoculata var. atomaria , Oka, 1917, p. 175 (Lake 
Biwa, Japan). 

Herpobdella lineata (Miiller), Kaburaki, 1921, p. 703 (Lahore, India, 
all young examples, sex pores X 2 1/2 ann.). 

Erpobdella octoculata (Linnaeus), Moore, 1924, pp. 363-367 (Kashiuir, 
and Soochow, China). 

Diaynosis. —Length up to 70 inm., but sinalleii in India. Colour 
ia life clear or dull brovvn tinged with green, the dorsum vvith 
irregular, more or less confluent, dusky spots, intermixed with 
yellovvish spots, vvhich predominate on the sensory annuli(a2), 
.resulting in a characteristic pattern of pale, transverse bands on 
a dark grouud ; venter paler and unspotted. Eyes normally two 
pairs in each group, labial and buccal Gonopores usually 
separated bv three annuli (2 1/2-3 1/2). Enlargement and 
subdivision of b 6 very slight. 

Desci'iplion .—Indiau specimens probably do not equal the 
maxiinutn size of tbe species in Europe, the largest of over two 
bundred examined being 49 mm. long,aud most of them less than 
.35 mm. Other measurements of the large one are: length to 
male pore, 11-3 mm.; buccal width, 1*4 mm.; width at male pore, 
*3*7 mm.; maximum width (beginning of caudal third), 4*3 mm.; 
muximutn depth (middle), 2*5 min.; diameter of caudal sucker, 
3-3 mm. Tliis is a inoderately extended example; contracted 
•ones are relatively much broader and flatler. 

Forrn 8omewhat more robust fchan most Indian species of the 
family, of nearlv uniform vvidtli, but attenuated anterior to 
the clitelluin, and in the caudal region tapered gently in a wide 
curve into the pedicel. Buccal and preclitellar regions terete, 
becoming, farther caudad, more depressed with elliptical cross- 
«ection, and then gradually strongly depressed, with sbarper 
mareins, but without distinct flanges afc the caudal end. 

Head relatively sraalJ, the lip semicircular with thickened rim 
all round passing into the buecal margin. Mouth of medium 
size and circular form. Eyes normally four pairs, the firsfc on II, 
the second at the furrovv II/III or chiefly vvithin III, the third 
and fourth pairs at the sides of the buccal ring on IV a 2. The 
first two pairs are slightly larger aud look chiefiy forward, fche 
buccals caudo-laterad. The eyes are subject to much variation. 
The first two may be coalesced on one or both sides, in the lafcter 
case forming a single large, either composite or simple, pair. In 
one case those of the first pair are coalesced into a single median 
•eye. Any one or more may be absenfc or variously subdivided, 
aud there may be other supernuraerary eyes, especially on III. 

k 2 
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Clitellum well markecl in breeding individuals from 20 mm. 
long upward, extending over fifteen or uccasionally sixteeik 
annuli (X 6 5 to XIII a 2 or 6 5 inciusive). Gonopores normally 
in the furrows XII bl/b2 and XII 6 5/6 6 respectively, that is T 
witii three full annuli intervening; but either the male or, more 
rarely, the female pore may vary as muchras half the length of an 
annulus in the caudal direction, resulting in interxols between 
them of from two andone-half to three and one-half annuli. This 
happens very much more frequently to the male pore, \\ hich in 
about'half of the Indian fexamples lies just within the cephalic 
border of 6 2 and may be as far as the middle, thus reducing the 
intervals between the gonopores to two and one-half annuli as in 
the Japanese race characterized by Oka (1910). The female pore 
is much more stable, but may lie within 6 6 and in one case is close 
to tbe furrow XII/XIII, thus closely approaching the condition 
in E. testaceci. There is nothing clistinctive about the form or 
surroundings of the gonopores and there .are no copulatory pores. 

The nephropores are very minute and in the usual positiou of 
the caudal border of 6 2 of somites VIII to XXIV inclusive. 
Anus large, with furrowed lips and situated at XXVI a2/a 3 or 
XXVI/XXVII. Sucker circular, little expanded beyond the 
broad pedicel, directed ventrad, with four pairs of faint radiating 
ridges on the dorsum, and in most of these specimens rather 
deeply cupped on the venter. The sucker is relativel v larger on 
young specimens. 

Colour. —There is no infonnation coneerning the living colour 
of Indian examples. Harding (1910) thus describes and ligures 
British specimens :—“ Above usually fulvous or greenish bi own, 
except at the anterior extremity with a transverse series of 
reddish or yellowish-white spots on every riug and generally with 
a black reticulated pattern. The third ring of each somite is 
rendered conspicuous by the accentuation of the yellowish-white 
spots which are often fused into a transverse band, and by the~ 
absence of black pigment. Ventrally paler and unicolo^ous.'* , 

In the preserved specimens the green colour of the soluble 
pigment and the red colour of the blood are lost, the ground 
being grey, pale yellow or whitish, usually paler and unspotted 
on the venter, but occasionally clouded on the more heavily 
pigmented individuals. Dorsally the pattern is quite typical. 
There is a more or less distinct reticulum, varyingin size of mesh,. 
of dark pigment, which, by sinking to a deeper level in a median 
field of about one-fifth of the body-width, becomes obscured, thus 
leaving a paler longitudinal stripe separating a pair of much 
broader dusky or brown stripes extending nearl} r to the yellovvish 
margins. In these dark fields appear numerous rounded, or, in 
some cases, elongated pale yellowish spots which may be more or 
less confluent and usually become more numerous or larger 
toward the margins. The dark reticulum is usually deepest in 
intensity along the borders of this median pale field and 
diminishes toward the margins. It is also usually deeper in the 
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pharyngeal region, owing to a reduction in size o£ the pale spots 
and the consequent concentration of the pigment. On the neural 
•or sensory annuli (a 2) the pale spots shoxv a marked tendenev to 
unite into cross-bands and to replacethe black pigment, especially 
toward the caudal end, where the sensory annuli may be com- 
pletelv pigmentless and appear as metameric pale rings, very 
conspicuous on the darker specimens. On some specimens it is 
very striking that the larger annulus of the biannulate somite 
XXVI has the anterior halt* (a 1) dark and the posterior half («2) 
pale. The same is true to a less degree o£ XXVII. 

From this strongly-marked type characteristic of the species 
there are frequent variations. A less-marked tendency toward 
•depigmentation is often noticeable on the first annulus (6 1) as 
well. The pigment may fade in inteneity generallv, or it may, 
as is more frequent, fade and disappear more or less completely 
from the margins mediad, or from the caudal end cephalad, 
fhrough all intermediate stages to the final condition of reduction. 
This last is characterized by a pair of narrow dark stripes, in- 
variably constituted of a network or of irregular more or less 
«onfluent spots, borderiug the median pale stripe. Or the 
pigment may be confined chiefly to the pharyngeal (preclitellar) 
region. One specimen in which the dark stripes were particularly 
well developed had tbem united across the median pale field by 
•occasional dark bands, producing a ladder-like effect. The head 
is usually pale and the caudal sucker marked by irregular spots 
like the general pattern. Young individuals may be quite colour- 
less and translucent or they may be grey or liver-coloured. Some 
of those found in clear, cold brooks are very dark brown or even 
alraost black, with the reticulum very heavy or nearly solid and 
the paramedian stripes very dark and continuous. 

Annulation .—Tvpical Indian specimens have the somites con- 
stituted as follovvs I and II, uniannulate; III, biannulate ; 
IV, biannulate, with the first annulus larger and ineipiently divided 
on the dorsum (a 1, a2)>a 3, but united on the venter; V, bi- 
annulate; VI, triannulate, al=«2<a3; VII, quadrannulate, 
al = a2=65=66 or 65 slightly<66; VIII to XXIV, quin- 
quannulate, 61=6 2=a2 = 6 5 slightly <6 6. On XII to XXIII 
6 6 is not only slightly longer but has a very faint furrow on the 
dorsum, and a2 also is slightlv, though less, enlarged. XXV is 
triannulate, al = a3>«2 with a very faint furrow on the dorsum 
of rtl ; XXVI, biannulate (al, a2)>a3, vvith the faint furrow 
«1 /a2 limited to the dorsum ; XXVII, one or tvvo incomplete 
annuli. The principal variations are that XXIV rarely is quad- 
rannulate and the incipient furrows on caudal annuli may be 
more or less deep. 

Anatomy .—Testes numerous and small, occupying the sides of 
somites XVII to XXIV. Epididvmes or spermatic vesicles much 
enlarged and closely convoluted, reaching from XIV to XVII. 
Ejaculatory ducts with long preatrial loops reaching to ganglion 
XI. Atrium with a pair of semi-erect, simply-curved prostate 
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cornua, provided at tlie base with a layer of prostate glands, and a 
small unpaired globoid chamber eversible into the shallow bursa 
into which its ventral face projects. Ovisacs typical, as described 
for the family. Pharynx with the median muscular ridge ventral, 
except close to the anterior end, where a twist placing the right 
paired ridge in the median dorsal position occurs; no visible 
vestiges of jaws, very small pseudognaths; chambers of the stomach 
little differentiated. 

Geographical Distribution and Bionomics .—This species is widely 
distributed throughout temperate Europe and Asia, from the 
British Isles to Japan and from JScandinavia and northern Siberia 
to the Mediterranean and the northern districts of India. 
In this great area many local races and varieties have been de- 
scribed, to which a long list of names have been given. Blanchard 
(1894) and Johansson (1910) especially have studied the synonymy 
and have determined the identity of these, but Johansson, whose 
conclusions have been followed here, has reversed Blanchard’s 
application of the tvvo names H. octoculata (Linmeus) and 
H. teslacea (Savigny). 

In northern India the species may differentiate into a geo- 
graphical race or subspecies. The last aunulus (b 6) of complete 
somites appears to be better developed than iu Europe, thus 
approaching Dina more closely. Kaburaki (1921), indeed, vvas 
led to refer his examples to Dina lineata (Miiller), but the 
difference between these and typical specimeus of the latter 
from Palestine and Europe is very apparent. 

Indian records are entirely from Kashmir, where the species is 
abundant and widely distributed, aud from Lahore, in the Punjab, 
where also it is abundant. Doubtless it occurs much more widely* 
The greatest altitude recorded is 5500 ft. It lives in a variety of 
fresh vvaters, in swamps, ditches, ponds and lakes, and in sluggish 
streams, as well as in svvift, cold mountain brooks. It is equally 
at home among aquatie plants, on muddy bottoms and under 
stones. Sonietimes it is found in springs in association with 
Hemiclepsis marginata asiatica , a subspecies of another temperate 
European species. 

The only food found in the stomachs of those exarained was 
small oligochsete worms (Tubificidae), sometimes in great numbers* 
Undoubtedly in India as in Europe they feed also on insect 
larvae, molluscs, planarians and similar soft-bodied invertebrates. 

No egg-capsules occur with the Indian specimens, but there is 
no reason to expect them to differ from the European productions 
as described and figured by Moquin-Tandon (1845) and Johausson 
(1909). They are broadly elliptical in outline, about 4-7 mm. 
long and two-thirds as broad, flatteued, with the attached face fiat, 
the exposed face convex, and a thin projecting margin all round. 
At each end is a short tubular projection, through whieh the young 
find exit and wliich is closed by a globular plug until needed. 
Colour translucent amber or brownish. Attached to stones, 
plants, etc. 
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Some of the IndiaD specimens are parasitized by larval trema- 
todes and immature nematodes, as is frequently the case in 
Europe. 


Genus BARBRONIA, Johansson. 

Synonymy : 

Barbronia, Johansson, 1918. 

Dina , Blanchard, 1896, and Moore, 1924 (in part). 

Diagno8is. —Size, form and external characters in general as 
in Dina. Complete somites quinquannulate, but with the last 
annulus (b 6) enlarged and divided by a more or less distinct 
tertiary furrow, as in Dina. Eyes normally one pair of larger 
labials and two pairs of buccals. Gonopores on XII and XIII, 
widely separated by a nearly full somite. Median ventral copu- 
latory pits or areas at X/XI and XIII/XIV Vasa deferentia 
opening directly into atrial cornua without preatrial loops. 
Atrium compact, spheroidal, with short simple cornua. Testes 
continued fonvard into somite XIV Pharynx formed as in Dina, 
but each of the three muscular ridges bearing at its anterior end 
one or two retractile styliform teeth. 

Type-species, Barbronia rouxi , Johansson, 1918, pp. 383-390. 
Taf. XII and text-figs. New Caledonia. (?=Dina weberi 
Blanchard, 1897.) 

Oue known Indian species, B. weberi. 


25. Barbronia weberi (Blanchard). 

Synonymy: 

Dina toeberi Blanchard, 1897, pp. 353-355 (figs. annulation). Type- 
locality, Java, also Sumatra and Celebes. 

Herpobdella hexoculata Kaburaki, 1921, pp. 703, 704 (fig. annu- 
lation). Central and North-West Provinces, India. (Young 
without accessory pores.) 

Dina xueberi ’, Blanchard, Moore, 1924, pp. 368-370, fig. Kashmir, 
Naini Tal, Central Provinces, and Simla Hills, India. 

? Barbronia rouxi Johansson, 1918, pp. 383-390, figs. 3-5 & pl. xii. 
N. Caledonia. 

Diagnosis. —Small, 25-35 mm. long. Living colour unknown, 
probably reddish, as little pigment is present. Eyes normally 
three pairs, one large pair on dorsum of II, two smaller pairs on 
sides of anterior annulus of IV Gonopores separated by four 
and one half or nearly five nnnuli, the male situated at XII b 1/6 2, 
the female on the middle of XIII 61 ; accessory copulatory pores 
and areas at X/XI and XIII/XIV and are very characteristic. 

Description .—Length of extended preserved specimens rarely 
exceeding an iuch, the largest 36 mm. long and 3*8 mm. in maximum 
width. One of nearly this size but less extended measures: length, 
27’5 mm.; length to male pore, 12 mm.; buccal width, 1*5 ram.; 
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width at male pore, 3*5 mm.; nmximum width (at XVI-XVII), 
o mm.; depth nearly uniformly, 1*5 mm.; diameter of sucker, 
2 mm. 

Form slender, like most small Erpobdellidse of nearly uniform 
width behind the clitellum, and tapering anteriorly to the very 
smallhead ; the caudal end broadlv rounded to the sucker. Buccal 
and preclitellar region terete, the remainder of the body flattened 
and in the anal region provided with lateral flanges. 

Lip narrow, unusually long and prominently projecting, often 
flat and less arched than usual in the family, ventrally with a 
marginal welt tliat passes iuto the* buccal ring. Mourh small. 
Eyes normally three pairs, the first larger, close together and 
conspicuous, on the dorsum of the anterior part of the lip (II); 
the other two pairs small and on the sides of the buccal ring 
(IV a'2). Irregularities of eyes common. 

Clitellnm thick and rather prominent on . all sexually active 
specimens, extending over fifteen annuli, X 6 5 to XIII a2 in- 
clusive; on sorne specimens mucli vvrinkled. Gonopores separated 



Eig. 39 .—Barbronia weberi. A complete typical somite (X'VI) from the 
dorsum, showing the aunuli and sensory papillce. x 16. 

by four and one-half to five anuuli. Blanchard gives the latter 
as typical of specimens from the Malayan Islands, but Indian 
specimens almost invariably have the former. The male pore is 
usually at XII 61/6 2 or slightly in 61, the female pore on 
XIII61. Thi8 holds true for all of sixty Indian examples 
studied, with the exception of a specimen 35 mm. long from Nepal, 
in vvhich the female pore is situated in the furrow XII/XIll, 
four annuli behind the male. Eor his Herpobdella hexoculata 9 
Kaburaki gives the male pore as XI (XII as herein counted) 6 2, 
the female XII (XIII) 6 1/6 2. The uiale pore (fig. 40, 3 ) varies 
much in appearance. Iu immature examples it is a small, simple 
round pore in tha furrow. In fully mature ones it becomes a more 
or less conspicuous crescentic opening on the summit of a 
prominent conical or mammiiliform papilla or, if the bursa be 
everted, an ellipticai pad-like disk spreading over the two con- 
tiguous rings and with its greatest diatneter transverse. The 
female pore ( $ ) is a small rounded or slit-Iike orifice which rarely 
varies from a niiddle position on the annulus. The aceessory pores 
(fig. 40, c.p.) are very constant in position, but vary in size and 
appearance with the size and maturity of the vvorms. The first 
{c.p. 1) is at the furrow X/XI, the second ( c.p . 2) at XIII/XIV. 
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Wl»en fully developed each presents a slightly swollen or rarely a 
suuken area of the integuraent extending over two, three or even 
four annuli, distiuctly discoid when best developed and surrounding 
the actual pores, which have thickened lips. In such cases the 
pores are large and open. In sections these areas exhibit nuraerous 
uuicellular glands and integuinental biood-vessels. The pores 
themselves are merely the orifices of stnall pit-like deepenings of 
the furrovvs which exhibit no partieular differential structure. 
The epithelium is slightly thickened nnd the glands and blood- 
vessels fewer. The posterior pore is most frequently conspicuously 
developed, but may he small or absent, even on mature leeches. 
The anterior pore is absent in about one-third of the individuals 
with developed clitella, and even all trace of the glandular 



!Fig. 40 .—Barbronia wekeri. Olitellai* region (somites X to XIV), from venter. 
X 10. <$, male and female gonopores ; np. t nephropores ; c.p.l, 

anterior, and c.p. 2, posterior, copulatory pores and areas. 


thickenings may be absent. This is true of either one or both 
pores of bome fully mature worms. On small and immature 
individuals there is often no trace of either pores or glandular 
areas. Some of the specimens described by Kaburaki as H. hex- 
oculata are such immature specimens, but three of the larger ones 
(17-19 mm. long) clearly sliovv the accessory pores, sa there can 
be no question of the identity of the two species. It is evideut, 
therefore, that these structures are best developed at full maturity 
and probably 8easonally. Their function is less certain as no direct 
observations have been made. Probably they serve as accessory 
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copulatory organs and receive the spermatophores, and conse- 
quently may be regarded as special copulatory areas with directivo 
tissue. In the single one seetioned there is no trace of sperma- 
tozoa in the pits, but in another example in which the entire area 
surroundiug the anterior pore is sunken, the depression is filled 
with a granulated mass which may contain spermatozoa. 

Anus large, with raised aud often furrowed margins, situated at 
XXVI/XXVII. Sucker relatively large, owing to slenderness of 
body sometimes of a diameter little less than the maximum width r 
but in no other way distinctive. Nephropores in the usual 
postion on 6 2, probably from VIII to XXIV iuclusive, but very 
small, and the first and the last two pairs not certaiuly demon- 
strated. 

Annulation (figs. 39, 40, 41, & 42) sharply defined throughout. 
Annulus 6 6 is distinctly enlarged and subdivided into cll and 
cl2 on all complete somites and even as far forward as VII. 
Beginning with XXI it becomes less enlarged, but is clearly 
recognizable by its greater length as far as XXIII. A 2 also 
is slightly enlarged and subdivided. The remaining annuli 
of complete somites are ver} r regular and equal. The sense- 
organs are very small, often scarcely discernible, but have 
the arrangement characteristic of the family. Somites I and II 
are uniannulate, III biannulate, IV biannulate, or triannulate if 
the furrovv a 1 /a 2 anterior to the eyes be considered sufficiently 
deep to be counted, all uniting ventrally to form the buccal ring ; 
V bi- or triannulate. VI is regularly triannulate (al=a2<a3) r 
the last occasionally vvith an incipieut furrow; VII quadrannulate 
(6 1, 6 2) = a 2 = 65 < 6 6), tlie last with an incipient tertiary f urrovv. 
VIII-XXIV are complete and quinquannulate, the first tvvo or 
three having the formula 61 = 62=65<a2<66(cll, cl2), the 
last a 2>6 1 = 6 2 >6 5=6 6. XXV is triannulate, occasionally, 
as in one figured, with faint furrows. XXVI biannulate (a 1, 
a2)>a3, and XXVII biannulate aud post-anal. Occasional 
specimens exhibit very faint cross-furrovvs on most of the annuli t 
but these are much less developed than the distinct furrovvs on 
6 6 and a 2. 

Colour .—Tliere is no information concerning the living eolour. 
Most of the preserved specimens are pale yellow and greyish, 
either without pattern or with faint lines or reticular marking. 
One specimen of the largest size from the Nepal Valley is marked 
with large, spravvly black blotches. 

Alimentary canal o£ the form usual in the family, the pharynx 
strepsibematous, with ventral and dorso-lateral ridges except at the 
cephalic end, where their position is reversed. Small pesudo- 
gnaths and vestigial jaws each bearing two (or one) retractile 
styliform teeth arranged in tandem. Stomach sacculated, vvith 
walls excessively thin. 

Reproductive organs little distinctive, the most important feature 
being that the small testes, normally developed from XXIV to 
XVII, continue in smaller number forward to XIV also. The 
exact number was noc determined, but appears to be about eight 
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Fig. 41 .—Barbronia iveberi. Dorsal aspect of anterior end (I-X), showing 
annnlation (notatiou on right side), eyes and position of nerve-ganglia. 
Kelative depth of furrows is partly indicated by strength of the lines. 
X 16. 



Fig. 42.— Barbronia weberi. Caudal end (XXY-XXVII), from the dorsum 
showing annulation (notation at right), anus (a.) and sucker. X 16. 
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•or nine on each side o£ eacli segment. The sperm-ducts form no 
preatrial loop at all, but end abruptly at the sides ot* the atrium 
and empty into the apices of the prostate cornua. Epididymes or 
sperm-vesicles enlarged but nearly straight, unfolded. Atrium 
resembling that of Dina microstoma , short, thick, compact and 
spheroidal, the horns very short, suberect, simply curved, pro- 
jecting dorso-laterad from the caudal end of tlie dorsal face of 
the atrium. Ovisacs in tliree dissected lack the long caudal 
extensions usually present, and consist of short, rounded, irre- 
gularly globoid bodies vvith short, thick, somevvhat tvvisted, 
caudo-lateral lobes. Erom the former a pair of short oviducts 
pass to join in the middle line ventral to the nerve-cord and open 
at the female gonopore. 

Oeograpkical Distribution— -The type-locality is Java, and 
Blanchard has recorded the species from Sumatra and the Celebes 
also. The vvriter has numerous examples from Borneo and the 
Philippines, and has recorded (1924) examples from Kashmir, the 
Kumaon Lakes, Naini Tal, W Himalayas, Pengona, Berar, Central 
Provinces and the Simla Hills, Punjab. Under the name of 
Herpobdella kexoculata , Kaburaki has described immature speci- 
mens from Burhampur aud Hoshangabadj Central Provinces and 
Baitulgharib stream, Novvshira, Peshavvar District, N.W.E. Prov. 
It is novv possible to add a record from the Nepal Valley, E. Hima- 
layas, at 4500 ft. The greatest altitude recorded is 6300 ft. in 
Naini Tal. Thus it vvill be seen that, although vvidely distributed 
in the islands south of India, all of the Indian records are from 
the highlands of the extreme northern districts. None have yet 
been reported from Ceylon or the greater part of Hindustan and 
Burma. 

Nothing is knovvn of the habits of the species, vvhich occurs 
under stones in strearas, ponds and lakes in association vvith 
Olossipkonia annadalei , and iu one case vvith Hcemadipsa zeylanica 
agilii 

B. rouxiy Johansson, resembles this species very closely, but as 
described tliere are slight diiferences, especially in the reproductive 
organs, vvhich mav be diagnostic or due to the condition of tlie 
specimens. 


Grenus HERP0BDELL0IDEA, Kaburaki. 

Synonymy : 

Herpobdelloidea } Kaburaki, 1921, p. 705. 

Nematobdella , Kaburaki, 1921, p. 706. 

? Salifa , Blanchard, 1897, p. 7, text-fig. 8, Taf. iv, fig. 2. 

Typerspecies, Herpobdelloulea lateroculata Kaburaki, 921, 
pp. 705, 706, fig. 4. Central Provinues, India. 

There is little doubt that this genus is asynonym of the African 
leech Salifa , Blanchard, the type-species of vvhich (S. perspicax) is 
.almost identical vvith H. indica , but as the pharynx is figured 
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without teeth it is safer to leave the question open until the 
anatomy of Salifa has been reinvestigated. 

Diagnosis. —Small and slender. Eyes, a single dorsal pair on 
the head and several smaller submarginal pairs on the sensory 
annuli of somites IY to IX, or some ot* t-hem. Complete somites 
shoxving a tendency lovvard enlargement and division of the fifth 
annulus (6 6) and to a lesser degree of the third annulus (a 2). 
Pharvnx and atrium of the Dina type, but. t-he former with two 
rectractile teeth or stylets on each ridge. The variation in 
the number of aecessory eyes in the two species indicates 
their derivation froin a type having more numerous pairs, like 
Trematobdella. 

Key to Indian Species. 

1. Complete somites quinquannulate,division o 

bG incipient; gonopores separated by two 
and one-lialf to three annuli; first pair of 
eyes on IY; the accessory eves variable, 

four or five pairs, on IV to IX . . H. lateroculata, p. 141*. 

2. Complete soniites sexannulate, b 6 com- 

pletely subdivided into two unequal annuli 
(c 11 and c 12); gonopores separated by 
five annuli; first pair of eyes on dorsum 
of III; the accessory eyes five pairs, on 
IV to IX inclusive . . H. indica , p. 144. 


26. Herpobdelloidea lateroculata Kaburaki. (Pl. VI, figs. 13,. 

14.) 

Synonymy 

Herpobdelloidea lateroculata Kaburaki, 1921, pp. 705, 706, fig. 4 
(annulation). Central Provinces, India. 

H. lateroculata Kaburaki, Moore, 1924, pp. 370, 371. Manipur,. 
India. 

Diaynosis .—Size even smaller and form almost as slender as 
H. indica. In life translucent pale buff with darker alimentary 
canal. Eyes five, or rarely six, pairs, the firstlarger and dorsal, on< 
IV, the others ventro-lateral, on IV to VIII, rarely IX, inclusive.. 
Complete somite quinquannulate, with the last annulus (b 6) more 
or less enlarged and incipiently subdivided. Gonopores separated 1 
by two and one-half to three annuli, the male being in XII a 2 
or b 2ja 2, the female very constantly XII/XIII. Pseudognaths 
vvell developed, and tvvo anterior teeth (stylets) on each 
pharyngeal ridge. Atrium simple, globular; sperm-duct lackiug 
preatrial loops. 

Type in Indian Museum. 

Description .—In life it is possible that this species does not 
ordinarily exceed an inch in length when extended. Tlie largest 
well-extended example in the collection measures 17*5 x 1*1 nim*. 
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Most of the others are uoder one-half inch in length, one such 
measuring 12 mm., with a maximum width and depth at caudal 
end of the clitellum of 1*8 and 1*1 mm. respectively and a sucker 
•diameter of 0*7 mm. 

Form slender, but probably somewhat less so than H '. indica , 
subterete throughout except toward the caudal end, where the 
depth may be only one-half the width and the margins somewhat 
eharp, but in fuller extension rounded. Greatest width at the 
caudal end of the clitellum, from which the body tapers both 
ways, but very little caudally. Head small, but the lip much less 
prolonged and narrower than in H indica , rather broadly rounded 
at the end, as well represented in Kaburaki’s figures. Oral 
chamber and mouth small for the family,with thickened furrowed 
margins. Pirst pair of eyes on dorsum of IV, unusually far 
behind the end of the lip, well separated, large and directed chiefly 
forward. Occasionally there is an additional very small eye on 
one or both sides elose to the larger ones. Supplementary eyes 
variable in size, number and exact position, submarginal, on 
annulus a2 ©r its equivalent of IY to VIII, Y to VIII, and Y or 
VI to IX; the pair on IY rarely present, that on Y sometimes 
very small or absent, that on YIII rarely absent and then replaced 
by a pair on IX, the latter absent from most examples and on one 
speciinen represented by a single eye. These are true eyes, having 
the same structure as the first pair, but never more than one-half 
as large. The pair on IV is directed cepbalo-laterad, the others 
caudo-laterad. Those on IY represent the more posterior or 
buccal group of eyes of Erjpobdella , the anterior or labial group of 
the latter being absent. 

Olitellum well developed as au opaque glandular layer on 
specimens as small as 9 mm. long, of fifteen or sometimes sixteen 
(X 6 5 or occasionally a2 to XII a2 inclusive),completely annular 
and sharplv defined. Gonopores separated by from two and one- 
half to three annuli, the female being constantly at XII/XIII,the 
male at either XII b2/a 2 or within a 2, close to the cephalic border 
or even as far as its middle. Both are small but open, rounded 
orifices, the male somewhat the larger and in some cases surrounded 
by a slightly thickened circular glandular area extending over the 
bounding annuli. Anus and caudal sucker as H. indica. Nephro- 
pores as usual, seen only in sections. 

Colour described by Annandale from living specimens as follows: 
“ pale buff without external markings. Anterior part of body 
[clitellum] opaque, posterior semi-translucent with a dark streak 
shovving on each side and due to some internal organ ” [testes and 
walls of stomach]. Preserved specimens are yellowish, without 
^definite pigment pattern but with traces of fine lines between the 
longitudinal muscle bands. 

Annulation at the ends obscure and not fullv worked out on 
>the available material. Complete somites (Yll to XXIY) 
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quinquannulate, b 6 usually slightly enlarged and subdivided, ap- 
proaching Dina ; YI is qundrannulate; Y biannulate or triannulate; 
IY and probably IIT biannulate, and I and II probably uniannu- 
late. At the caudal end XXIV has b 6 reduced nearly to the size 
of b 5, XXY triannulate, and XXYI and XXYII uncertain. All 
annuli are slightly roughened both dorsally and ventrally by small 
papillse best developed on posterior segments. Except for their 
frequent eulargement on the margins of a 2, they appear to show 
no defiuite differentiation. Soine specimens are thickly studded 
with small opaque glands not evident on others. 

Anatomy of alimentary canal generallv similar to that of H. indica. 
The pharynx has a ventral median ridge for most of its length, but 
near the anterior end a spiral twist of about 60° in a clockvviee 
direction when viewed from in front places the right dorso-lateral 
ridge in the median dorsal position and the paired ridges ventrad, 
each ridge bearing two long conical teeth or stylets placed tandem 
near its cephalic end. The soft pseudognaths alternate with the 
ends of the three ridges, and are long, narrow triangular folds of 
epithelium aud muscle. Intestine broader than stomach and 
bearing four pairs of short simple pouches. 

Reproductive organs of the JDina type. There appear to be only 
about eight pairs of testes on each side of each segment from 
XXIV to XVIII. Much folded epididymes in XYII to XIY and 
no preatrial loops of the ducti ejaculatorii. The very small atrium 
is spheroid vvithout the conspicuous muscular covering of 
II. vulica , but with an aggregation of glands at the prostate end. 
Prostate cornua small, curved, running directly laterad from the 
atrium. 

OeograpJiical DistHbution and Bionomics. —Little is known of 
the geographical distribution and bionomics of this species. 
Kaburaki’s types came from Bushampur and Saugor, in the Central 
Provinces; other specimens are labelled “ outside Earm Caves in 
Moulmein, Lower Burma n ; “ Khardi Xadi, Loktak Lake, 
Manipur, Assam, 2600 ft.”; “ Coviloar.” They are found in 
small streams and ponds. 

Dr. Annandale had the following note on the behaviour of 
speciinens, the locality of vvhich is not stated:—“This little leech 
is remarkably planarian-like in life. It moves rapidly along the 
surface of water-plants etc. without looping its body, the whole 
of which is kept in contact with the surface along which it is 
moving, while the posterior and anterior suckers are alternately 
attached and loosened and the body expanded and contracted. 
The anterior extremitv is sharply pointed, and is often moved 
rapidly from side to side as if investigating the surroundings.” 

The stomach of one examined was filled with a mass composed 
of the remains of insect larvae, entomostracans and debris such as 
is found in the bottom ooze or slime covering a.quatic plants. 
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27. Herpobdclloidea indica (Kabui-aki). (Plate III, fig. 3; YI r 
figs. 15, 16.) 

Nematobdella indica Kaburaki, 1921, pp. 706, 707, fig. 5 (annu- 
lation), Simla Hills. 

Diagonsis .—Size small, up to about 40 mm. long; very slender r 
much attenuated anteriorly. Living colour probably reddish ; no 
pigment-pattern on preserved specimens. Eyes six pairs, the first 
on III, dorsal; the remaining five pairs smaller, submarginal, on 
V to IX inclusive. Complete somites of six unequal anjiulii 
( b\<b2<a2>b 5=c 11 > c 12), the third (a 2) being the largest 
and the sixth (c 12) the smallest, Gonopores separated by five 
annuli, the male at XII 11/1)2, the female at XII/XIII. Atrium 
a depressed ovoid sac with cornua concealed' beneath outer 
muscular coat. 

Type in Indian Museum. 

Descñption . — Kaburald’s type measures 45x4 mm. Those 
studied by me are from 30 to 43 mm. long, the complete measure- 
ments of one being: length, 40*5 mm.; length to male pore, 9 mm.; 
buccal width, 0*7 mm.; width at male pore, 1*6 inm.; maximum 
width (XYI), 3T mm.; widthatanus, 2 mm.; depth at male pore, 
1*3 mm., at middle, 1*7 mm.; caudal sucker, 2*5 mm. 

Form unusually slender. nearly uniform for most of length, but 
slightly wider at middle and tapering more to the very slender 
pointed cephalic end. Euccal region terete, becoming gradually 
more depressed and the margins sharper until at the caudal end 
small marginal flanges appear. Head very small, the lip narrowly 
subconical and elongated, projecting far beyond the small con- 
tracted orifice, finely furi'owed on the venter and margin, as is the 
buccal rim also. Eyes six pairs, the first pair much the largest, 
dorsal, directed forward ; on the third ring (III), occasionally 
divided into two on one or both sides. Supplementary eyes 
much smaller, variable, often increasing in size candad, the second 
pair on the caudal half of the first annulus of Y, the others on the 
middle annuli of VI, VII, VIII and IX directed laterad and 
increasingly caudad (fig. 43). The specimen figured has a small eye- 
on IV, directed forwards. Other examples bear minute black 
marginal spots (not eyes) on every annulus of VII and VIII. 

Clitellum well developed as a distinct glandular zone, smoother 
and darker-coloured than the rest of the surface, extending over 
eighteen annuli, or two full somiites and parts of two others, from 
X b 5 to XIII «2 inclusive. Several specimens have the clitellum 
covered with a thin layer of very tough mucous (forming egg- 
capsule?). Male gonopore at the furrow XII 61/6 2 and the female 
five annuli behind at XII/XIII. The former diflfers much in appear- 
ance, but in all cases is a conspicuous opening. Most frequently it 
is a more or less wide open orifice with furrowed margins through 
which the smooth ventral face of the atrium with its pore may be 
seen projecting into the bursa. In otbers the bursa is more 
or less everted and the atrium appears as a smooth, low, conicaL 
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papilla in the ceutre of a soft ring or a single or double disk of 
mucous membrane. The female pore is a small round opening 
in the furrovv. Anus the usual rather iarge opening at 
XXYI/XXVII, succeeded by from two to four small annuli. 
Caudal sucker a small, thin, simple disk directed ventrad and but 
little free from the body, as the peduncle is practically uncon- 
stricted. Nephropores as usual, but very miuute and diffieult to 
<letect (Kaburaki). 

Colour of preserved speciraens opaque vvhite or grey, vvith a 
slight buff tint most marked on the clitellum. No pigment except 
in the cyes and the minute black dots on the margins of annuli 
about VII and VIII. During life the red blood probably shows 
through the pigmentless skin, resultingin a pink colour. 

Annuli sharply detined and either smooth or more rarety 
vvrinkled. Each bears a ring or two rings of small pointed sensory 
papillae, the prineipal ones being connected on successive annuli 
by fine raised longitudinal lines continuous for the entire length 
of the body. Somites I and II (fig. 43) are uniannular and form 
the prominent preocular lip. III is as long as I and II combined, 
has a faiut a 2/a 3 furrovv, and bears the first large pair of eyes. 
IV biannulate, a 3 somevvhat smaller, and uniled on venter to 
form the buccal ring; rarely bears small eyes submarginally on 
the sensory zone. V biannulate (a 1, a2)>a 3, eyes on «2. 
VI quadrannulate (a l=a2<6 5<6 6), 6 6 being distinctly 
enlarged and incipiently subdivided. VII quinquannulate (b 1> 
b2<a2 = b5<b6 (cll >cl2). VIII sexannulate (61<62 = a2 = 
6 5=cll>cl2); c 12 is much smaller than the others and, like 
6 1, carries only one rovv of sense-organs, all of the others having 
two rovvs ; a 2 bears an incipieut b 3/6 4 furrovv. Throughout 
this preclitellar region the intersegmentul furrows are deeper than 
the others and cll/cl2 is much shallovver. IX to XXIII 
sexannulate, differing from VIII only in fuller development. 
XXIV quinquannulate, with 6 6 reduced to the size of a 2 and 
<; 11/c 12 faint. XXV and XXVI together comprise five or six 
annuli, but, vvith XXVII, their exact composition is uncertain. 

Alimentary canal nearly as in Herpobdelloiclea laterocvlata. 
Oral chamber very small, opening through mouth directly into 
very short buccal sinus, the velum being reduced to three (ventro- 
median and paired dorso-lateral) small, slender, triangular lobes 
(pseudognaths) alternating with the ends of the three pharyngeal 
ridges. Pharynx long and slender, reaching from VI to beyond 
the middle of somite XII, the median ventral and dorsal paired 
ridges low and flat, especially tovvard the caudal end, where the 
pharynx terminates in an annular valve separating it from the 
stomach. Near the anterior end the ridges turn spirally clock- 
wise as vievved from in front until the ventro-median becomes the 
right ventro-lateral and the right dorso-lateral the dorso-median 
ridge. Teeth as in H. laterooalata. Stomach reaching from 
XIII to XIX inclusive, consisting of six chambers separated 
by slight intersegmental constrictions. The walls are thin, 
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translucent and with mucous lining thrown into fine, high, vermi- 
-cular, longitudinal folds. Intestine similar to stomach, from 
Tvhich it is delimited by a deeper constriction, behind which is a 
pair of smali pockets. Except that the walls are thicker and 
opaque and the mucous folds higher and more complex, the 
intestine does not differ from the stomach, being similarly slightly 
chambered. Behind XXIII these chambers become fainter and 
the intestine gradually tapers to the anus. 

Reproductive organs approaching those of Dina most closely. 
Testes mostly in XXIII to XVII, about twenty on each side of a 
somite, bnt a reduced number continuing forward into XIII. 
Enlarged portion of sperm-duct (epididymis) much folded and 
confined to somites XVII to XV, anterior to this tapering to a 
very slender duct which opens into the middle of the atrium 
without preatrial loops. Atrium (fig. 44, at.) a Iow ovoid sac 



Fig. 44 .—Herpobdelloidea indica. Outline of terminal portions of reproductive 
organs, from tlie dorsum. X 10. at., atrium enclosed in its muscular 
envelope; g. XII, ganglion XII; o. t ovisacs; od., oviducts; vd., vas 
deferens. 

without externally visible cornua and in the specimens dissected, 
which are mature and sexually aotive (taken in July), scarcely 
risiug above the level of the nerve-cord. The entire organ is 
completely covered by a layer of the ventral longitudinal muscles, 
frotn which strands pass obliquely forward and laterally to the 
body-walls. When the muscular coat is dissected away, a pair of 
very short prostate cornua is brought into vievv, and the atrium 
proper is found to have the usual structure and to lie largely 
vvithin an unusually spacious genital bursa. lt is the mucous 
lining of the latter that is everted through the external male 
orifice to form the soft ring and disk described above, often 
carrying the free apex of the atrium with it. If the ovisacs are 
f ully mature in these specimens, they present an unusual condition 

l 2 
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(fig. 44, o.). They are a pair of small, irregularly globoid saes,. 
each bearing a small caudal appendage and continued antero- 
ventrally into a short oviduct ( ocl .) \vhich meets its fellow in a 
short median duct tbat passes vertically through the body-wall to* 
the female orifice. The entire organ is concealed beneath the 
nerve-cord and the clitellar glands. 

That these specimens are mature and sexually active‘ is shown 
by the discovery of a spermatophore (fig. 45) filled \vith sperm 
attached close to the median line ou annulus XI a 1. It measures- 



Fig. 45 .—Herpobdelloidea indica. Oufcline of a spermatophore. X 36. 

slightly more than 2 mm. in length and is dead white with a 
brownish covering. An egg-capsule containing three young also 
was found along with the leeches, attached to a stone, and is 
shown in fig. 3 (Pl. III), as drawn from life. It measures 
7 x2*4 mm. 

Geographical Histribution .—All known specimens of this species- 
were taken at the base of the Simla Hills, Patiala State, in the 
Punjab, Kaburaki's types coming from near Dhuramapur Kooa 
and those described above from Kalka at an altitude of 2400 ft. r 
July 21, under stones in a small pool. (See Appendix, p. 297.) 
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Genus FORAMINOBDELLA, Kaburaki. 

Foraminobdella , Kaburaki, 1921, p. 707. 

Type-species, F. heptamerata Kaburaki, 1921, pp. 707-709, 
fig. fi (annulation). Madras. 

Diagnosis .—Size medium and fonn robust. Eyes a single dorsal 
pair on III. Complete somites consisting of seven annuli, the 
tirst four large and usually further incipiently and ineompletely 
biannulate, the last three short and representing 6 6, (61-1-6 2+ 
a 2 + 6 54-cll-f-d23-f d24). A dorsal opening into the stomach 
at XIV/XV Little kno\vn of internal anatomy, bufcpharynx and 
atriuin apparently as in Dina. 

Erom Trematobdella , Johansson, 1914, which possesses an 
exactly similar opeuing into the stomach, this genus differs in the 
much more complex annulation of tiiesomite and, sofar as known, 
in the absence of accessory eyes and pharyngeal teeth. Com- 
pleter knowledge of its anatomy may necessitate the union of the 
two geuera. 

The interpretation of the last three annuli of complete somites 
as c 11, d 23 aud d 24 differs from that generally applied to related 
specieB, and is based upon the relative depths of the furrows, of 
which d 23/^24 is distinctly shullower than c 11/^23, the sliglitly 
smaller size of the last t\vo aunuli, and the fuller development of 
the liue of sense-organs on cll. In most other related leeches 
cll becomes subdivided into d2 1 and d 22 while cl2 remains 
undivided. 

Only one Indiau species kno\vn. 


28. Foraminobdella heptamerata Kaburaki. (Plate VI, fig. 17.) 

Synonymy : 

Foraminobdella heptamerata Kaburaki, 1921, pp. 707-709, fig. 6 
(annulation). Madras, India. 

Diagnosis .—Size medium, 40 x 5 mm., larger and more robust 
than either of the last three species. Colour (preserved) dark 
grey or slaty above, paler grey below. Eyes one pair, on III. 
Complete somites septannulate, consisting of four longer annuli, 
each again partially biannulate, and three shorter, simple annuli. 
Gonopores separated by a full somite, the male at XI/XII, the 
female at XLI/XIII. A large dorsal orifice at XIV-XV, opening 
into the storaach. 

Type in Indiau Museuiu. 

Description .—The unique type-specimen by whicb this species 
is knovvn, wheu examined by me, measured: length, 39 mm.; 
length to male pore, 9*5 min.; buccal width, 3mm.; width at 
male pore, 5*5 mm., which is also the maxitnum width continuing 
to XXII; depth at male pore, 4 mm.; depth at XXII, 2*5 mm.; 
diameter of sucker, 2*8 mm. 
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Form robust, cylindroid or slightly depressed, most so tovvard 
the caudal end, oi* nearly uniform width, though somewhat tapered 
at the ends. Lip as preservcd very short and broad, coarsely 
granulated below r . Mouth large. Eyes one pair, on somite III, 
rather large, separated bv about their diameter and directed 
fonvard. 

Olitellum thick, sharply defined and completely zonary, extending 
over three full somites, twenty-one annuli, from X b 5 to XIII a 2, 
inclusive. Male gonopore at XI/XII, a large orifice with 
furrowed margins on the smmnit of a prominent conical papilla 
arising from Jhe entire length of both bounding annuli. Eemale 
gonopore a small round pore deep in the furrow XII/XIII. On 
the dorsum, in the furrow XIV/XY (XIV cll/c\2 according 
to Kaburaki) is a large slit-like orifice borne on the summit of a 
conical papilla similar in size and appearance to that bearing the 
male pore. This is the outer opening of a tubular invaginat.ion 
of the skin that meets a similar diverticuluin from the roof o£ the- 
stomach. The epithelial lining of the latter is thickened and both 
parts are folded longitudinally. Both in position and in structure 
this is exactly like a similar organ described in Trematobclella 
jperspicax by Johansson (1909). Nothing of its function is 
knovvn, but as Miehaelson has pointed out, it resembles the 
spermathecae of certain Oligoehseta. 

Colour nearly uniform dark grey or slaty above; much lighter, 
with a slight yellowish tinge, below; the clitellum and areas 
surrounding the openings into the bodv distinctly yellowisb. 
Kaburaki gives the colour of the specimen when examined by him 
in 1921 as black above, olivaceous below. 

Annulation. —The surface of the body is much wrinkled in deep 
transverse integumental folds, making the interpretation of the 
annuli difificult. Xo sense-organs or papillae are visible. Complete 
somites (VII-XXIV) consist of seven annuli, the first four being 
longer and each divided by an incipient furrow, the remaining 
three much shorter, but the last two are separated by a furrow 
much shallower than the others and might almost as correctly be 
countedas one. The formulawould be, therefore, bl=b2<a2> 
bb >c ll=d23 = d 24, or, if the last t\vo be counted as one t 
< c 12 or < (d 23, d 24). In the latter interpretation c 12 is 
longer than any of the first four annuli and twice c 11. Somites I, 
II and III are uniannulate; IV is biannulate (a 1 a2)>a 3, and 
bears the eyes on the large annulus; V triannulate, al=a2< 
(b 5, b 6); VI quadrannulate (b 1, b 2)=±(6 3, b 4) > b 5=b 6 ; XXV 
quadrannulate or triannulate (b 1, b2)>a2 = a 3; XXVI and 
XXVII probablv both biannulate. 

Anatomy .—As the specimen is unique and not availabie for 
dissection, only a few points of internal anatomy could be ascer- 
tained. The pharynx terminates anteriorly as does that ot' 
Herpobdelloidea in dorsal median and a pair of ventro-latera 
ridges, but owing to the robustness and contraction of the speci 
men they are broad and truncate. Alternating with these ar 
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three slender pointed pseudognaths, dorso-lateral and median 
ventral in position. No teeth or vestigial jaws are apparent, but 
might be deinonstrated were additional specimens or sections 
available. 

Atrium globular, bilobed dorsally where it is divided into a pair 
of short, thick, divergent cornua into the ends of which the ducti 
ejaculatorii open without a preatriai loop, as in Herpobdelloidea . 

The label attached to the type-specimen reads : “ streaui below 
coolie lines, Ossington Estate, Nedurattan, alt. 7200 ft. Nilgiri 
Dist., Madras. Sta. 70 M. I., ll-x-’19. E. B. S. S.” [Seymour 
Sewell.J 

Nothing is known of its habits. Although recorded as found 
in a stream, the structure suggests that lt is amphibious and 
burrowing. The determination of the function of the gut-pore 
would be of interest, and more and better preserved specimens for 
anatomical study are very desirable. 


Genus TROCHETA, Dutrochet. 

Synonymy: 

Trocheta , Dutrochet, 1817. 

Trochetia, Blainville (in Lamarck), 1818. 

Geobdella , Blainville, 1827 (not Whitman, 1886). 

Nephelis (in part), Moquin-Tandon, 1826; Apathy, 1888. 

Scaptobdella, Blanchard, 1897 (teste Oka, 1923). 

Type -species, T. subviridis Dutrochet, 1817, p. 130. Erance. 

Diagnosis .—Size variable, mostly large and robust. Eyes one 
to four pairs, confined to head. Complete somites typically of 
eight or nine rings, but variable (6-11 Harding), two or three 
annuli much larger than the others. General anatomy of tvpical 
species similar to Erpobdella f b\it the prostate cornua have a spiral 
turn (ram-horned). 

One species known from India. 


29. Trocheta guadrioculata Oka. 

Trocheta quadrioculata Oka, 1922, pp. 530-533 (figs. annulation). 

Inl6 Lake, Burma. 

Diagnosis .—Size small for the genus. Form slender. Colour 
during life blood-red. Eyes, two pairs on IY and Y. Complete 
soinites novem-annulate (cl-fc2 + 52-4-a2-fc9-fcl0-fc?21 + 
d22 + cl2), the third (b 2) and fourth (a 2) about twice as long as 
any of the others. Gonopores separated by six annuli, the male 
close to XI/XII, the female XII c!0/d21. 

As this species is known only from Oka’s two types, his 
description is largelv quoted. 

Tvpe in Indian Museura. 

Description .—“ Both specimens are small and seem to be imma- 
ture. The body is long and slender, almost cylindrical, being 
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onl) r slightly wider in the middle than near the extremities. The 
head is rounded in front, forming the anterior lip of the spacious 
mouth. The hinder sucker is almost circular, a little broader 
than long and is directed ventrally and backward. 

“ The specimen from (a depth of) 9-12 ft. measures 24 mm. in 
length and 1*5 mm. in width; that from the first-named locality 
is 19 mm. in length and 1*3 mm. in width. The hind sucker is 
almost as wide as the body in both cases. 

u External features:—The mouth is very wide and occupies the 
ventral surface of the first six rings. it is a spoon-shaped hollow 
directly coobinuous with the cesophagus. No jaws or so-called 
pseudognafflg are visible externally. 

“ The eyes, in two pairs, are situated on the fourth and seventh 
rings, rather wide apart. Jn the individual from the first-named 
locality the posterior pair presents an anomaly in the fact tbat the 
right eye is placed one ring in front of the left eye, i. e. on ring 6. 
There is no marked difference in size between the anterior and 
posterior pairs. 

“ The genital apertures are small, almost invisible, except the 
male opening of the smaller specimen, which is rather prominent. 
The male pore is situated close to the posterior bouudary of 
somite XI, the female pore just in front of the furrow separating 
ring 6 and ring 7 of somite XII; they are separated, thus, by a 
space equivalent to four rings of a five-ringed somite. The 
clitellum is not developed in either specimen. 

“ The colour is pale greyish, a little yellowish anteriorly. 
There is no indication that the animal possessed any pattern 
during life. The surface is perfectly smooth alJ over. 

“ As I have not studied the anatomy of the specimens, no com- 
parison can be made with allied forms in regard to the structure 
of internal organs. 

“ Annulation .—The annuli are very numerous and of different 
widths. Except at the extremities they fall into groups repeated 
metamerically. A somite typically consists of nine small annuli 
arranged in the follow r ing order: two narrow, two broad, and five 
narrow.” 

Oka’s figures indicate a somite constitution about as follows: 
I, II and III are uniannulate; IV is biannulate, bearing the first 
pair of eyes on the larger first annulus ; V is triannulate, bearing 
the second pair of eyes on a 2 and forming the post-buccal annulus 
ventrally; VI is quadrannulate (a l=a2=6 5<6 6; VII quad- 
rannulate or quinquannulate (b 1 + b 2) = a 2 <b 5=b 6; VIII is 
sexannulate (Sl=6 2=a2=65>cll=cl2); the first four are 
approximately equal and tudce as long as the last t\vo; IX is 
octannulate (cl=c 2=1/2 b 2=a 2=twice c9=cl0<cll=cl2). 
X (presumably) to XXIV inclusive are complete and novem-annu- 
late (c l=c 2=1/2 b2=a 2=twice c9=c \0>d21=d22<c 12). 
In these the third and fourth annuli (b2 and a2) are the longest, 
tw r ice the first, second, fifth, sixth and ninth, w j hich are equal and 
distinctly Jarger than the seventh and eighth, tJie only represent- 



TfiOOHBTA. 


153 


atives of the fourth order. In the caudal region there is more 
uncertainty, but the following is indicated : XXV is quinquannu- 
late (6 1=62<a2=65=6 6) or sexannulate (Oka), XXVI tri- 
annulate or biannulate, and XXVII biannnlate or uniannulate. 
The large anus is situated at XXVI/XXVII or XXVI a 2/a 3. 

Both of the specimens were taken in the central region of 
Inle Lake, in the South Shan States, Burma; one, as stated on the 
label, on a muddy bottom in 9-12 ft. of vvater. 

Although I have followed Oka in placing tbis species in the 
genus Trocheta and am satisfied that, in the absence of any know- 
ledge of its internal anatomy and especially in view oi the complex 
constitution of its somites, this is the best temporao^ynaifsposition 
to raake of it, I am by no means convineed that ib really belongs 
here. Size, form and habitat are distinctly unlike typical 
Trocheta , and remind one of the, in the present state of our 
knowledge, distinctly Indian genus Herpobclelloidea . Also, if the 
eyes be situated actually on somites IV and V, this characteristic 
points the same way. It is possible thal fuller knowledge of the 
species vvill determine its affinities vvith the latter genus, in spite 
of the much more elaborate annulation of the somites. A study 
of the structure of the pharynx and atrium would prove decisive. 
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Family HIRUDIM. 

Synonyrny : 

Gnathobdellea, Leuckart, 1863 (in part). 

Gnathobdellidce , Claus, 1885 (in part). 

Hii'udinidce , Whitman, 1886 (and subsequent authors). 

JBirudinides , Blanchard, 1887. 

Gnathobdellidce, Blanchard, 1894 (and subsequent authors). 

Hirudinidce , Perrier, 1897. 

Hh'udidce , Pinto, 1823. 

HirudicBte , Moore, 1924. 

General Charactertstics .—The javved-leeches, ten-e} r ed leeches,. 
blood-suckers, etc., as the members of this family have been 
variously designated, present a more varied assemblage of forma 
than any otber family except that of the fish-leeches (Ichthyo- 
bdellidas) in the wide sense. Aa a group they are of medium to 
very large size, some of them attaining a length of fifteen or even 
eighteen inches and a width of one inch when fully extended* 
The smallest forms are found among tbe highly specialized land- 
leeches (HaemadipsinaB). 

Whether we consider the regulatory and grovvth-changes of 
individuals, or compare the indxviduals of a species or different 
genera and species, the variation in t'orm far exceeds that of 
the Erpobdellidae. The first results from a peculiar soft flaccid- 
ness of most of the aquatic forms due to the highly developed 
botryoidal and parenchyinatous tissues, combined with great 
powers of extension and contraction, and the latter from a 
cousiderable range of adaptation to aquatic, amphibious, burrowing, 
terrestrial and arboreal modes of life and to predaceous, san- 
guivorous and truly parasitic habits of feeding. The same 
individual when swimming will be slender, elongated and flattened, 
like the Erpobdellids, and when resting or subjected to drying 
will assume the short, thick, rounded form of a hen’s egg; and in 
either extension or contraction it may be flattened or cylindrical 
according to which set of muscles may be contracted. Only in 
the true land-leeches and a few of the burrowing, araphibious 
forms is the body firm and hard from the great development of 
muscles. The cephnlic region, while never a permanently 
explanate disk, is, except in sorae of the strictly predaceous aud 
burrovving genera, better developed than in the Erpobdellidae, and 
in the sanguivorous leeches is ofteu provided with an unsegmented 
margin capable of expansion into a functional sucking disk, 
especially prominent while feeding. The caudal sucker, while 
coustant in general form and structure, differs greatly in size, 
being small and weak in the amphibious and predaceous forins, 
and often of a very large size in the more strictly parasitic forms. 
The dorsal surface may be tessellated and the ventral marked 
with radial or semiradial furrows and ridges ending in 
scalJops. 
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Eijes highlv doveloped exeept in the burrowing and some of the 
more strictly parasitic speeies. Almost witliout exception there 
are five pairs nrranged in a regular arch parallel with the margin 
of the head and borne on the dorsal surfaee ot' the sensory annuli 
of somites II to VI, inclusive. First pair derived from the para- 
median and the others from the intermediate series of sensillae. 
No accessory cephalic eyes and no caudal eyes are known. 
Metameric sensillae, somewhat. variable in number, highly developed r 
especially on the dorsum, usuallv conspicuous and easily distin- 
guished froin the nnmerous and \videly distributed non-metamerie 
sense-organs, but small and obscure in the burrowing and highly 
parasitic species. Papillss may be present either in relation to- 
the sensillee or independent of them, and the integument may be 
quite smooth, variously marked by folds or short furrows or more 
or less regularly tessellated. 

Clitellum of tlie same extent and positiou as in the Erpobdellidae r 
but Beldotn so evident, usually indicated externally, if at all, by a 
difference in the colour and a slight thiekenirig, but no obscura- 
tion of annulation; internally by a thick layer of glands, which 
may extend in loose bundles nearly or quite to the wall of the 
stomach. Gonopores almost iuvariably separated by five annuli, 
the male on XI, and the female on XII, ancl u^ually both in the 
furrow b 5/b 6 or its inimediate vicinity. There is some individual' 
variation, and among the genera the interval between the pores- 
may vary from t\vo and one-lialf to nine annuli in the aquatic 
leeches, and from two to tbirteen in the land-leeches. Very 
rnrely are there modifications of the simple structure of the 
gonopores, the most noteworthy being in the American genera 
Philobdella and Cardea ; nor are copulatory glands, such as 
charactcrize Macrobdella , known in any Indian species. Nephro- 
pores seventeen pairs, usually conspicuous and opening on the 
caudal margin of VIII a 1 to XXIV b2 inclusive. 

Metamerism usually evident througb the seusillse, nephropores,. 
colour-markings and other external segmental characters, but 
the size of the annuli and the depth of the furro\vs usually remain 
very constant throughout the region of complete somites. In the 
young of many species and in the adults of Myccobdella the inter- 
segmental furrows are obviouslv deeper, and even the boundaries- 
of the priinary annuli are distinguishable from tbe secondary 
annuli by their greater depth. Strongly contracted leeches also 
often have annulus 61, especially on the venter, retracted below 
the level of the others by the principal muscular septum, thus 
indicating the position of the segments. In the aquatic lecches 
the quinquannuJate composition of the complete somites is ex- 
tremely constant, though the number of such somites may vary 
from twelve (Oka) in Myxobdella to seventeen in certain species of 
Whitmania and Hcemopis, but is most often fifteen or sixteen. At 
the cephalic end the nuraber of annuli increases very gradually 
through 1, 2, 3 and 4 for the first eight somites, while at the* 
caudal end the reduction is usually more nbrupt, from five to t\vo 
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through four or five segments. In tlie land-leeches, on the 
■contrary, though the number of complete somites remains very 
constantly tifteen or sixteen, the nurnber of annuli, uhile most 
frequently five, varies from three to seven. At both ends of the 
body the somites are much more compact and the number of 
.annuli much less than in the aquatic leeches. The general tendency 
in the Hirudidae appears to be toward simplitication of the somite 
rather than its eiaboration, as in the Erpobdellidae. Not infre- 
quently it will be noticed that most of the annuli of preserved 
specimens of aquatic leeches are divided equally by a shallow 
transverse furrow. This may be due, not to the formation of a 
true tertiary furrovv, but to the sinking of the integument into 
the collapsed transverse sinuses. The bransverse folds which often 
stand up as prominent ridges across the annuli of contracted 
leeches are due to a somewhat similar arfcifact. 

As in the Erpobdellidae, the most frequently occurring colour - 
pattern is the longitudinally striped, but unlike that family the 
sfcriping is very geuerally coupled with an often elaborate meta- 
meric pattern due to local intensifications, concentrations, enlarge- 
ments, suppressions, interruptions or fusions of parts of these 
stripes, or to the addition to them of quite distinct elements. As 
the colours in life are often brilliant, these leeches are highly 
-ornate as compared vvifch the similar patterns and plain colours of 
the worm-leeches. Also, in contrasfc to the Erpobdeliidce, these 
patterns are most sharply defined in the young. As the leeches 
.grow larger, the patterns become broken and ill-dehned and often 
much modified, until, in the largest individuals of many species, 
they are largely suppressed and inuch obscured by scattered spots 
.and diffused pigment. Mottled and solid patterns also occur, but 
true transversely barred patterns are very rare in this family. The 
pafcterns of many species are extremely variable, owing to the 
migrations of the excretophores and the different amounts of pig- 
ment which they carry, the first leading to changes in the depth 
and coucentration of the stripes and spots, and to their union or 
separation in varied combinafcions, and the latter to a vvide range 
of dilutiou and intensification and to variation in the general tint. 

The anatomy of both the digestive and reproductive organs 
presents a considerable variety, but the essential features have 
heen sufficienfcly dealt with in the general accounfc of the suborder. 
A few features only require further elaboration. The jaws and 
teeth are of importance iu generic distinctious. Typically there 
are fchree equally developed jaws, a dorsal and a pair of ventral, in 
both the aquatic and the land-leeches. In a few of the latfcer the 
•dorsal javv is absent, leaving the ventralpair only (Duognathoferae, 
Harding, 1913), which are of large size. In the aquatie leeches 
thev may have a very high arched, a semi-circular, or a flat curved 
profile, and vary greatly in size from the largest in the povverful 
I)lood-suckers to the smallest and weakest in cerfcain predaceous 
genera and in the parasitic genus Dinobdella. Also jaws may be 
Testigial or quite absent, as occurs independently in two or perhaps 
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three genera not closely related. Teetl» vary greatly in number in 
the iiionostichodout series from about thirty to one hundred and 
eighty, the exact number often being difficult of determination, as 
the series grades off in size very gently to the point of in- 
visibility. The fully formed ones are sharp-pointed cones, either 
straight or curved. The completely edentulous Dinobdella also- 
belongs to this series. In the distichodont series the teeth are 
larger, more irregular and much fevver, froin three or four to about 
thirty pairs, or they may be replaeed by irregular horny plates or 
be totaily absent. Jaws may be absent in fchis series also, and in 
geueral they are weaker and less well armed with teeth than in 
the monostichodonts. Papillse on which the salivary glands open 
are commou among the Indian monostichodont blood-suckers. 

The nephridia are commonly seventeen pairs, of large size, and 
richly supplied vvith blood-vessels, and their funnels, which lie in 
the testieular sinuses, have the nephrostomes occluded. 

Reproduction in the species of this family, so far as known t 
occurs by true copulation. Spermatophores are not formed, but 
the sperm is introduced into the vagina by means of the more or 
less elongated, filiform penis. The fertilized ova are laid in a 
quautity of albuminous jelly or mucous in an ellipsoidal or 
spheroidal capsuie or egg-cocoon covered with a thick outer spongy 
layer of large polygonal cells and composed of a firin horn-like 
secretion of the clitellar glands. Those of the aquatic species are 
deposited in damp earth by the side of the water and of the land- 
leeches under stones and logs in datnp places. The breeding 
habits and cocoous of most of the Indian species are unknown, or 
at least the information is unpublished. 

The habitats and varied modes of life of the Hirudidae are des- 
cribed under the two subfamilies and particular species. The 
Hirudidae have greater economicimportance thanthe Erpobdellidae, 
and practically all thnt is included in the general account of tbe 
suborder on tbis subject relates to this family. Further details- 
will be found in the accounts of certain species. 

In the classification of the Hirudid® several subdivisions have 
been proposed, but the only one that it seems desirable to adopt 
here is that of the two subfamilies recognized by Blanchard. With 
the elimination of a few forms usually included in the Hsemadipsinae 
these appear to be fairly well defined groups, each embracing a 
considerable nurnber of genera. 

Thev are separated as follovvs :— 

A. Complete somites quinquannulate; 
third and fourth pair of eyes 
aeparated by an annuius (IV a 3); 
somites XXIV at lea9t triannulate 
and XXV and XXVI at least bi- 
annulate; dorsal sensillae in eight, 
and ventral in six series; nephro- 
pores all opening ventrally on 

somites VHIto XXIV; no auricular [p. 158. 

appendages on anal region. Subfamily Hirudinae, 
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AA. Complete somites most frequently 
quinquannulate but varying from 
tri- to septannulate; third and 
fourtli pairs of eyes usually on con- 
tiguous annuli, only exceptionally 
separated b} r a more or less deve- 
loped annulus; stjmite XXIV bi- 
annulate, aud XXV, XXVI and 
XXVII uniannulate; dorsal sensillse 
usually in six and ventral in four 
or six series, the marginals being 
absent; first pair of nephropores 
usually opening laterally on buccal 
ring, tlie last pair marginally on 
the ventral face ot' the tirst auricular 
lobes on XXIV or by a common 
median pore beneath the border of 
the caudal sucker, the remaining 
fifteen pairs marginalh r on the 
caudal border of IX b 2 to XXIII b 2 

inelusive; buccal frill and anal [p. 244. 

auricularappendages usually present. Subfamily Haemadipsinae, 


Subfamily HIRUDIN^E. 

•Synonymy. 

Hiriidininee , Blancliard, 1894, 1917. 

Hirudinince, Perrier, 1897. 

Natantia, Brandes (in Lenckart), 1901. 

Hirudince, Pinto, 192d. 

Type-genus, Hirudo , Linneeus, 1758. 

Oeneral characteristics .—The structural features of this the 
typical subfamily, require no further discussion, but brief niention 
may be made of the variety of forir.s and habitats. Although usually 
thought of as strictly aquatic animals, and, as a matter of fact, for 
the most part actually living in the water and so dependent upon 
it that they survive drying for a short time only, mosr. of these 
leeches are more or less araphibious. They belong to the marginal 
zone of still waters—to what ecologists call the littoral lenitic 
babitat. The only Indian species tbat appears to habitually live 
in the rapidly running waters of streams is Myxobdella annandalei . 
XVhen living in lakes and ponds the ordinary aquatic leeches 
inhahit the very shallowest water, vvherever stones, logs, plants, 
etc., offer concealment. Thev often coliect in large numbers 
under pieces of driftwood that are partly in, partly out of the 
water, and lie resting partly exposed to the air. While niany of 
them are strong swimmers, moving as do the Erpbodellidae, and 
ranging into the open waters, their wanderings are hunting excur- 
sions undertaken usually only under the urge of hunger. Satiated 
’leeehes are resting leeches. It will thus, be seen that most 
•members of this family are swainp animals rather than inhabitants 
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of the larger and deeper waters. India, with its extensive flood 
plain, freshwater swamps, rice-fields and numerous small, shallow, 
weedy lakes, pouds and village tanks, furnishes ideal habitats for 
these leeches, and their abundance sho\vs that they liave profited 
by the opportunity. The transition from aguatic to amphibious 
and theii to terresfrial modes of life is therefore easy, and whi)e 
no true burrovving leeches, like tlie Hcemopis , Semiscolex aud 
Cardea of other countries, have been found in India, it is very 
probable that thev do occur. 

Blanchard has divided this subfamily into the two tribes of 
Monostichodonta and Distichodouta, the first typified by Hiruclo , 
with denticles in a single series, the second by Hcemopis , with two 
rows of teeth. While these two types clearly represent divergent 
branches, they are so closely united by annectant genera that they 
cannot be utilized as definite taxonomic groups. The disticho- 
donts are in many respects the most primitive, and in their 
predatory habits (feeding on worms, insect larvae and other 
smaller invertebrates, varied by an occasional meal of blood) their 
relatively siinple digestive tracts, weak and often edentulous or 
even vestigial jaws, t.hey stand nearest to the Erpobdellidae. On 
the other hand, their reproductive organs are the most complex of 
tlie suborder. Myxobdella and Whitmania belong here, but no 
true Hasmopis is now known to occur in India. Several speeies 
have been reported, but all have proved to be monostichodonts, as 
indicated in the synonymies of species. The monostichodonts are 
more numerous in genera and species, and some of them very 
abundant in individuals, probably for the reason given in the 
general account on geographical distribution. Most of them have 
large, papillated jaws, and are exclusively or nearly exclusivelv 
sanguivorous. Just as there is an easy transition from aquatic to 
terrestrial life and between a solid carnivorous diet and a san- 
guivorous or liquid diet, so is there from those sanguivorous 
leeches \vhich attach to hosts only long enough to partake of a 
meal of blood to the truly parasitic Jeeches that inhabit the air- 
passages of their hosts for long periods. These latter have very 
fine teeth or, like the great cattle-leech (Dinobdella ferooc), r\o teeth 
at- all, and are capable of piercing the delicate mucous membranes 
only. 


Key to Oenera and Subgenera of Indian Hirudince. 

I. Jaws small and weak; teeth mostly in 
two irregular rows, few, blunt, irregu- 
lar, coarse, often vestigial, or tnin 
chitinoid plates, or absent. ( Disticho - 
donta f Blanchard.) Chiefly predaceous. 

1. Complete somites 12-14, indeter- 
minate, imperfectly 5-annulate, 
with furrowa of unequal depth ; 
head not attenuated; only 3-4 
pairs of teeth ; stomach ctecate; 

colour-pattern spotted . Myxobdella, p. 161. 
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2. Complete somites 17 (VIII- 

XXIV), perfectly 5-annulate or 
nearly so, with furrows of equal 
deptn; head attenuated ; 15-20 
pairs of teeth or none ; stomach 
saccate ; colour-pattern striped.. 
II. Jaws typically well developed; teeth in a 
single graduated series, numerous (30- 
180), acute, regular and fine, rarely in 
part paired and rarely absent. ( Mono- 
stichodonta, Blanchard.) Chiefly san- 
guivorous. 

a. Teeth absent or vestiçial. 

3. Complete somites 15 or 16 (IX- 

XXIII or XXIV), all but the 
last perfectly quinquannulate ; 
gastric cseca highly deyoloped, 
two pairs to each somite; both 
atrium and vagina simply tubu- 
lar and much elongated ; colour- 
pattern solid or simply striped. 
(Transitional between I and 
II) .. .. 

aa. Teeth well developed. 

b. Salivarv papillae on jaws entirely 
absent or rarely a few very smail 
ones; lip without mediau ventral 
fissure ; caudalsucker medium size. 

4. Teeth 40-100; somites as in 3; 

gastric caeca one large, little- 
lobulated pair in each somite; 
vagina fusiform,withoutc8ecum. 
bb. Salivary papillse on jaws numerous 
and large; lip with median ventral 
fissure; caudal sucker large. 
c» Reproductive organs as in Hirudo, 
vagina without csecum; colour- 
pattern simple. 

5. Teeth 30-100; complete somites 

15 (IX-XXIII); two pairs of 
large, nearly equal, lobate gas- 
tric caeca to each somite; sen- 
sillse circular 

cc. Vagina with large csecal pouch 
sharply differentiated from narrow 
duct; colour - pattern complex; 
sensillse elongated. 

6. Oviduct and vaginal duct open- 

into a short female bursa; no 
vaginal stalk. 

7. Oviduct and vaginal duct opening 

ing into summit of elongated 
vaginal stalk 


Whitmania, p. 168. 


Dinobdella, p. 175. 


Hirudo, p. 189. 


Limnatis, p. 199. 


Hirudinaria, p. 207. 


PCECILOBDELLA, p. 226. 
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Genus MYXOBDELLA, Oka. 

Synonymy : 

Myxobdella , Oka, 1917, p. 161. 

Diagnosis. —Size and form approximating Hcemopis , but caudal 
sucker much larger. Tissues peculiarly soft, tumid and oedematous. 
Complete somites imperfectlv quinquannulate, with the furrows 
61/6 2 nnd 6 5/6 6 much shallower than the others and often 
obsolete. Somite boundaries clearly indicated by deeper furrows 
or constrictions, even in the adult. Velum tumid, projecting into 
the oral cnvity as a more or less prominent, rounded papilla, in 
the centre of which is the unusually small, trifid or triangular, 
pore-like mouth. Jaws very small, distichodont, with very few 
imperfect teeth. Stomach with gastric casca as in Hirudo. Repro- 
ductive organs of the Hvmdo type, except that there is a small 
vaginal caecum. This genus, therefore, is transitional between the 
Monostichodonta and the Distichodonta in the strict sense. 

Type -species, M ’. annandalei , Oka, 1917. 

Two species, the above, which occurs in India as well as in 
China, and M. sinanensis , Oka, which is known only from Japan, 
and has the somites more highly elaborated and the colour-pattern 
with several series of metameric spots. 

30. Myxobdella annandalei Oka. (Plate VII, figs. 19, 20.) 

Synonymy : 

Myxobdella annandalei Oka, 1917, pp. 161-165, pl. vii, figs. l-o 
(exterior). Hong Kong, China. 

Myxobdella annandalei Oka, Kaburaki, 1921, pp. 715, 716. Yercaud, 
Madras. (See also Appendix, p. 296.) 

Diagnosis .—Length in life nbout 2-4 inches. Eorm robust. 
Sucker large, nearly equal to maximum width. Colour pale grey, 
more or less closely mnculated with black or dusky blotches, which 
mny be less developed on a2. Somites X-XXIII inclusive, com- 
plete, with the formula (61=62)=(65 = 6 6) >a 2, in which the 
furrow8 61/6 2 and 65/6 6 are constantlv shallower than 6 2/a2 
and a 2/b 5 but greatlv variable, so that XXII and XXIII may be 
interpreted as incomplete. 

Type in Indian Museum. 

Description .—Exact form in lifeunknown, but probably differing 
little from that typical of Hcemopis . All preserved specimens are 
strongly coutracted, and the softness of the conneetive tissues, 
combined with the powerful masculature, indicate great changes in 
shape during life. Form of preserved specimens ovate or cuneate- 
ovate, verv broad in the caudal one-fourth and tapered to the 
rather slender cephalic end; depressed, more or less strongly convex 
dorsally, concave or flat ventrally. Size varies from 15x7*5 mm. 
to 55 x21 ram. Oka’s examples measures 26 to 29 mm. long by 
9 mm. wide. Ivaburaki’s single specimen was 17 mm. long by 
4 mm. wide in the middle, thus being more slender and of more 
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uniform width than the others. The best preserved new example 
measures: length, 52 tinn.; length to nmle pore, 9 mm.; buceai 
width, 3*5 mm.; width at male pore, 10*5 mm.; maximum width 
(XXII), 22 mm.; depth at male pore. 4 mm.; depth at XXI, 
XXII, 6 mm.; diameter of eaudal sucker, 16*5 mm. 

Cephalic end rather slender and slightly depressed; oral sucker 
of niediutn size (between Dinohdella and Hcemopis\ with a very 
mobile marginal fold, dorsai to which it is deeply lobate, owing to 
the projection of the tumid ends of the first four annuli. Ventrai 
surface faintly and irregularly wrinkled, with the median furrow 
slightly developed or absent. Very characteristie is a small, 
rounded papilla, variable in height and prominence, projecting 
into the oral chamber from its caudal wall and bearing the notably 
small, trifid or triaugular mouth at its centre and summit. This 
arises primarily from the tumid thickening of the central region 
of the velum, but its prominence may be accentuated by the for- 
ward projection of the pharynx. Dorsal surface of lip deeply and 
irregularly furrowed, the included areas often swollen. Eyes, five 
pairs, borne on somites II to VI inclusive, aud arranged as in 
Hirudo and Hcemopis , small, obscure and deeply placed as in the 
latter, especially on the larger specimens, which require clearing 
to make them visible. Buccal ring formed by the coalescence of 
both annuli of V ventrally with the addition of IV «3 laterally ; 
post-buccal of VI a 1 and a 2 completely united ventrally. 

Clitellum fairly well indicated on the larger speeimens by the 
hardening of the body-walls, due to the thickened layer of glands, 
but the annulation is unobscured and there is no obvious change 
in colour. It extends over fifteen annuli, from X a 2 to XIII h 2 
inclusive. Gronopores separated by five annuli, the male at 
XI h 5/6 6 and the female at XII 6 5/6 6. They vary in size with 
maturity, on the smaller specimens being small orifices without 
any special development of the surrounding areas. On the larger 
examples the male pore is a large, rounded orifice, in which the 
smooth, rounded, perforated eud of the atrium appears, but in no 
case with a protruded penis. The female pore may be a still 
longer opening with furrowed margins. Nephropores seventeen 
pairs, situated on the caudal border of 6 2, or its equivalent, of 
somites VIII to XXIV inclusive, small and seldom all visible in a 
single specimen. Anus of moderate size, intermediate between 
Hirudo and Hcemopis , margins deeply furrowed, at base of sucker, 
behind somite XXVII. 

On all except the smallest specimen the integument is curiously 
swollen and oedematous in areas between wrinkles, and somewhat 
translucent. The only leeches that I have studied which present 
a similar condition are Placohdella pediculata, Cardea valdiviana , 
Theromyzon (Protoclepsis , Livanow) of several species, and to a 
slight degree Hcemopis grandis . This results in a more or less 
tessellated surface, which, together with the numerous cross- 
connections between annuli, the smoothing out of the secondary 
furrows by the stretching due to distention of the gastric cseca, 
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aod the charaeteristic variation in depth of the furrows, cause the 
peculiar appearance and notable variability of the species. Sensillae 
very small and on these specimens obscure and ditiicult to see in 
surface views, but a sufficient number were detected to indicate 
that they have an arrangeinent similar to such forms as Hcemopis. 
The great nuraber of mucous glauds obscures the non-metameric 
sense-organs. 

Annukition .—Somites I to IV forin the upper lip, and their 
boundaries are obscured by the wrinkling aud areolation. I to III 
are clearly uniaunulate ; IV is larger, with a faint furrow a 2/a 3, 
the probably better development of which ou their specimens led 
both Oka and Kaburaki to interpret IV as biannulate. V is more 
distinctly biannulate (ala2) = a3, on dorsum, but uniannulate 
and coalesced with IV on venter to form the buccal ring. VI 
is biannulate, or usually triannulate, on the dorsum, according to 
the degree to which the furrow a 1/a 2 is developed or interpreted. 
It is in all cases shallower than a2/a3, and completely disappears 
ventrally on the post-buccal ring. In one case there is a faint 
indication of the secondary furrow 6 5/6 6. The furrow VI/VII is 
exceptionally deep, clearlv delimiting the cephalic region. VII is 
triannulate all around, otherwise similar to VI, but better de- 
veloped. VIII inay be differeutly interpreted according to the 
specimen and the value given to the partially developed furrow 
65/6 6. Usually it is quadrannulate (a 1 > a 2 > 6 5=6 6), but may 
be triannulate bv the slighter development of 6 5/6 6. In any case 
the furrow al/a2 is shallower than a2/65 anddeeperthan 65/66, 
the result being that the four annuli appear to be grouped in two 
pairs. IX again, which Oka and Kaburaki describe as quadran- 
nulate, may be interpreted on the basis of three, four or live 
annuli, the view of the Japanese authors doubtless being the most 
reasonable and in accord with tlie most usual conditions. In this 
condition the formula is al>a2>65=66; the furrow 61/6 2 is 
either faint or not at all visible, and 6 5/6 6, while distinct, is 
shallower than al/a2. The triannulate condition is found in a 
case where 61/6 2 is obsolete and 6 5/6 6 may be traced faintly 
across the venter and part of one side of the dorsum, but is totally 
absent from the other side of the dorsum. The quiuquannulate 
condition found in one specimen differs from the following com- 
plete somites only in being slightly less well developed. X to 
XXIII, inclusive, are quinquannulate and complete, which agrees 
with Kaburaki’s description but not with that of Oka, who 
describes XXIL and XXIII as quadrannulate. These somites 
differ considerably in appearance, but the typical condition, which 
agrees fully with Oka’s description, is as follows: the inter- 
segmental furrows are the deepest, and often appear as con- 
strictions between the swelling somites, a condition less obvious 
among the incomplete somites at the ends of the body. This 
delimitation is usually inost conspicuous on the venter, where the 
furrows are deeper and the first annulus (61), which is commonly 
smaller than the others, is retracted and often wholly or partly 

m 2 
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disappears from yiew. Because of the greater depth of the 
pritnary furrows (a 1/a 2 and a 2/a 3) the annnli are arranged in 
three groups of two (6 1 and 6 2), one (a 2) and two (b 5 and b 6), 
and because the furrow al/a2 is shallower than a2/a 3 there is a 
further grouping of the first three and the last two annuli. Exactly 
similar conditions are found on the dorsum of the smallest speci- 
men, but ou the others the furrovvs are inore or less smoothed out* 
In the order of increasing depth the furrows are 61/62,6 5/6 6, 
b2/a2 and «2/6 5, and this is also their order of constancy, 
«2/6 5 being the deepest aud most constant. The first furrow 
(61/6 2) is not only shallow but in nearly every case is partially 
or sometimes even wholly obliterated, and also lies uearer to the 
anterior than the posterior border of the primary annulus, so tbat 
6 1 is commonly much smaller than 6 2 ; 6 5/6 6 undergoes similar 
but less obvious and complete reduction, and occasioually even 
a l/«2 is similarly afPected. XXIV is triannulate («1 >«2=«3) r 
the secondary furrows being very faint or entirely wanting, or in 
one case quadrannulate (61=62<«2 slightly <«3) on the right 
side and triannulate on the left. XXY is triannulate («1 slightly 
>a2=«3) without trace of secondary furrows. XXVI and 
XXVII are each biannulate, with the first annulus larger and 
XXVII more reduced. 

Oka has correctly emphasized the importance of this genus as 
throwing light upon the external morphology of leeches. It 
especially serves to verify recent theoretical conclusions concerning 
the delimitation of somites, the serial homology of annuli, and the 
order of origin aud development and of reduction and suppression 
of annuli. Oka lays great emphasis upon the exact enumeration 
of annuli that he worked out from his material. Without wishing 
to detract in any way from the importance of the general con- 
siderations that he raises, I must point out that the very fact of 
the easy gradation of the development of annuli and furrows from 
somite to somite shows the impossibility of absolute determination 
of the number of annuli in each somite. The personal equation 
is a factor of large importance. In this enumeration Oka, 
Xaburaki and I disagree as to the constitution of certain somites. 
Oka’s material was more abundant than mine, and doubtless it was 
better preserved. Apparently also it was more uniform, as no 
mention of variations was made. The four specimens examined 
by me present considerable variation, as indicated above, but they 
agree with one another and with Kaburaki ? s specimen, and differ 
from Oka’s in the groater completeness of somites XXII and 

xxm. 

A fact of some interest is that in general the somites are more 
elaborated and the annuli more sharply defined in the smallest 
specimens. Among the anterior incomplete somites, beginning 
w r ith V, and at the caudal ond, especially on XXIV, the inter- 
pret-ation of the annulation places each one step in development 
beyond the corresponding somite of the larger individuals. This- 
is just the opposite of the usual conditions. Very generally 
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young leeches exhibit a primitive inequality in depth o£ the 
£urrows defining the somite limits and the primary annuli. 
Elaboration o£ the aniiuli and obscuration o£ the somite limits 
progresses \vith gro\vth. Apparently the difference in this 
respect is due in at least part to the mechanical conditions 
resulting £rom the £act that the stomach is nerirly or quite empty 
in the sinall specimen, whereas in the larger ones the creea are 
much distended. This, together with tlie longitudinal con- 
traction, results in a stretchiug of the integument and smoothing 
out of the furrows. It is noticeable that this proceeds farthest 
on the dorsal surface of the middle region, \vhere the caeca are 
best developed, and that the mid-ventrai field, which is protected 
from the pressure of the caeca, is least affected. This \vould 
indicate that the more elaborate development exhibited by the 
small specimen may be the normal of the species. However, it is 
more difiicult to apply this argument to the incomplete somites, 
most of whieh lie outside ot' the sphere o£ infiuence o£ the 
gastric caeca. 

Colour .—Light grey or ashy, paler below; maculated all over, 
but most thickly in the mid-dorsal tield, with irregular blotches, 
often with slender branched processes, o£ varying size and 
appearing as black, brown or grey according to their depth below 
the surtace ; venter some\vhat more sparsely spotted than 
dorsum. Different specimens differ in the size and the degree 
to \vhich the spots become confluent. One o£ Oka’s specimens is 
described as beinc: thickly dotted \vith a darker shade and others 
as ashy-grey and unspotted, probably faded. There are iudica- 
tions that the neural annulus is less pigmented than the others 
and stands out a6 a paler transverse band. This is quite evident 
on one specimen from Suhil. 

Alimentary canal combines eharacters of Hirudo and Ilcemopis . 
Jaws very sraall and weak. Teeth very few (three or four in 
each row,) large, blunt, irregular plates, in t\vo rows. Pharynx a 
very small, muscular bulb in YI and partly in VII, followed by 
a distiuct, narro\v tubular cesophagus extendiug through VII, 
VIII aud IX. Stomach csecate, X, XI and XII, each with a 
single pair of long, slender, straight and simple cseca, reaching 
nearly to the sides of the body ; XIII to XVIII have two pairs 
each, the anterior large, straight, laterally extended and faintly 
lobed, the second pair very small and bet\veen the bases of the 
larger. A large pair arises in XIX, and extends by the sides of 
the intestine to XXV In another specimen the clitellar casca 
are much smaller and the second pair in post-clitellar somites are 
reduced to obsolescence. 

Reproductive organs (fig. 46).—Functional testes eight on the 
left, nine on the right side, in the caudal part of the segments 
(but reaching into the following segments) from XVI (XV on 
one side) to XXIII, inclusive. All of these are fairly large and 
globoid, the sacs, especially of the first three or four, with much 
bro\vn pigment like the abundant botryoidal tissue. Anterior 
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to these and in the same serial position with them and with the 
ovisacs, in somites XIII to XV, that is, three on the left and 
two on the right side, are small, deep-brown sacs compressed to 
the body-floor. These appear to correspond with the anterior 



Pig. 46.— Myxobdella annandalei. Pnrtial dissect.jon of repi’Oductive organs, 
from dorsum. Rigkt epididymis cut away and let’t epididymis and 
ovisacs displaced to show atrium. x5. c.od., common oviduct, enclosed 
in nlbumin glaud; d.e., ductus ejaculatorius; ep., epididyinis; g. XI- 
XVI, ganglia as numbered ; g.a ., albumin gland ; o ovisac; oJ, normal 
position of right ovisac; od., oviduct;jo., pigmented area on testes; pt., 
pigmented areas in absence of testicular sacs; p.s., penis-sac; pr., 
prostate; 1 . 1 , t. 2, testicular sacs ; p.s ., penis-sao ; pr., prostate; 1 . 1 , t. 2, 
testicular sacs; va.d., vaginal duct; v.s n vaginal sac; v.d., vae deferens; 
10 a and 10 6, right elevation of vegina and atrium respectively. 
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veutral poaitiou o£ the tesfcicular sacs, \vhich at the point ot‘ exit 
of the vasa efferentia are siinilarly heavily pigmented. Oka 
records eight pairs of testes in his types. Vasa efferentia and 
vasa deferentia have the usual structure and position, the latter* 
as far forvvard as ganglion XVI, \vith an especially thick 
glandular covering. The slender, gland-free anterior part reaches 
to gauglion XI, \vhere it arches mediad to join the cephalic end 
of tlie epididymis, this arched region heing slightly enlarged to 
form a small, fusiforin, soft-\valled sperm-vesicle. Epididymis 
massive, much exceeding the atrium, lying at the side and 
anterior to it, and the right one largely covering it in this 
specimen. It consists of two distinct parts, an anterior smaller 
lohe constituted of a finer and more sharply folded ducfc, and the 
maiii body ftousisting of mucli larger folds of a much coarser 
duct. From the posterior ventral ends of the epididymes the 
delicate ducti ejaculatorii, wkich lack any enlarged bulb, arise 
and enter the prostate close to its latero-distal angles. Boih are 
relatively shorfc, somevvhat less than the total length of the 
atrium, and the left passes beneath the nerve-cord. Atrium 
broadly pvriform, the length slightly exceeding twice the basal 
width. Penis-sac about three-fourths of total length of atrium, 
tapering toward outlet, the maximum diameter about one-third 
length. Prostate region very broad, flattened and angulated 
probubly bv pressure, covered by an unusually thick and extensive 
glandular layer. 

Ovisacs relatively large, about equalling one-half of the size of 
tlm functional testes, each \vith a distinct, slightly projecting 
tubuhir lobe, from the end of which the oviduct arises. Paired 
ovklucts about as long as diameter of ovisacs, the right one 
passing beneath nerve-cord. The two unite wifchout a distinctly 
enlarged albumin gland into a wide, folded, v common oviduct, 
which lies on the dorsal face of the vaginu and opens into ifc a 
shorfc distance below the blind end, leaving a sniali projecting 
caecum. Vaginal sac t\vo-thirds as \vide as long, broadly curved, 
fusiform, with a short terminal csecal lobe, nofc sharply differ- 
entiated from the tubular duct, which is about as long as the sac 
and tapers regularly to the gonopore. One of Oka’s cotypes \vas 
dissected sufficiently to determiue the agreement of the anterior 
part of the digestive tract and the terminal reproductive organs 
with tlie above accounfc based upon the lnrger specimen 
(No. 3657) from the Dawna Hills. 

Concerning the identification of the Indian specimens as 
M. annandalei , it should be pointed out that in certain features of 
annulation they approach Oka’s description of M. sinanensis 
more closely than the former. This is considered to be due to 
varying condition of the specimens and to differences in inter- 
pretation, but it may be that we really have to deal wifch distinct 
epecies or subspecies which more abundanfc material should 
determine. As Oka has given 110 account of the anatomy of 
M. sinanensis , eomparisons musfc be liraited to external features. 
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Origiiially described by Oka from a small stream at an 
elevation ot’ about 1000 ft. near Hong Kong, this species was 
subsequently reported from a hill-stream at Yercaud, Madras, by 
Kaburaki, tne latter specimen belonging to the Indian Museum. 
I can now add the record ot’ four additional specimens belonging 
to the Indian Museuin: “ ZEY 3657. Erom under surface of 
stones in a small jungle stream, 2500 ft. Dawna Hills, near 
[Cawkaruk, Amherst District, Tenasserim, Lower Burma. Dr. N. 
Annandale, March 13, 1908. ,, Two specimens, one dissected: 
“ ZEV 4951, Suhil, East side of Dawna Hills, 2100 ft. F. H. 
Graveley, November 29, 1911. Under stones in streams. ,, 

The species appears, therefore, to inhabit hill-streams at 
slight elevations. It hides beneath stones, to the under surface 
of whieh ifc clings. According to Annandale the bilfty in life is 
excej)tionally soft, and it produces enormous quantities of 
mucous, which is in harmony vvith the appearance of the 
specimens studied by me. The large size of tlie caudal sucker, 
the unusual size of the pedicellar muscles attached to it, the great 
contractility and the unusual mucous function would adapt it to 
life in swift-running stony streams. Frorn an examination of 
the stomach-contents Oka thought that the Hong Kong 
specimens had fed on the juices of invertebrates. Tliose from 
the Davvna Hills have the caeca filled vvith blood, vvhich in the 
one studied for this purpose contained nucleated cells but no 
non-nucleated blood-disks. All that can be stated is that it is 
not mammalian blood. 


Genus WHITMANIA, Blanchard. 

Synonymy : 

Microstoma , Whitman, 1884, p. 84. Not Microstoma , Cuvier, 1817 
(Pisces). 

Leptostoma , Whitman, 1886, p. 382. Not Leptostoma , Swainson, 
1837 (Aves). 

Whitmania y Blanchard, 1887, p. 155. 

Whitmania y Oka, 1925, pp. 321, 322 (figures of annulation). Japan. 

Diacfnosis. —Size large. Bobust body and slender, attenuated 
cephalic region very characteristic. Sucker of medium size. 
Eyes, sensillm, gonopores and nephropores as in Hcemopis. 
Complete somites of five equal annuli, seventeen in number, 
YIII to XXIY, inclusive. Colour-pattern longitudinally striped. 
Jaws small, vvith imperfect tooth-plates in two series, or none. 
Digestive tract of Hcemopis type. Beproductive organs inter- 
mediate betvveen Hiruclo and Hcemopis types, nearer to the latter, 
but the atrium and vagiua much less elongated. 

Type-species, Microstoma piyrum Whitman, 1884 (first species), 
Japan. (=*Hirudo lcevis , Baird, 1869.) 

Of tbe four species referred to this genus by Blanchard (1896), 
W. lcevis (Baird) [= W. pigra (Whitman)] and W. edentula 
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(Wliitiiian) properly belong here ; W. acrunulata (Whitman) is a 
true Hamopis and \V ferox Elanchard is now made the type ot‘ 
a new genus, Dinobdella . 

31. Whitmania lavis (Baird), Blanchard. (Plate VI, fig. 18; 

VII, figs. 21, 22.) 

Synotnymy : 

Hirudo lceois Baird, 1869, p. 316. China. 

Mtcrostoma piyrum AVhitman, 1884, p. 84. Japan. 

Lcptostoma pigrum AY'hitman, 1886, pp. 382-386, pls xviii, 
ligs. 21-27 (exterior), xx, 64, 55 (annulation), xxi, figs. 61, 
62 (jaws), 67 (Jorgftus). Japau. 

\Vhitmmda pigru , R. Blnnchard, 1887, p. 155. 

\Vhitmania lcevis (Baird), R. Blauchard, 1896, pp. 326-328, fig. 6 
(anuulation). China. 

IVhitnumia lcevis, Plotnikotf’, 1905, p. 145. China. 

\Vhitmania pigra , Oka, 1910, p. 180, Japan. Var. formosuna , 
p. 181, Formosa. 

J Vhitnutnia lcevis , Schegoleff, 1916, p. 251. Amur regiou. 

IVhitmania lcevis (Baird), Oka, 1917, pp. 160, 175. Ckina. 

J Vhitmania lcevis , Kaburaki, 1921, pp. 710, 711. Manipur, India. 

\Vhitmania hevis , Muore, 1924, pp. 280-281. China, S. Shan 
States, lndia. 

Diagnosis. —Length when mature 4-6 inehes. Thick-bodied 
for most of lengtli, contracting sharply with the abruptly-tapered 
anterior end aud small head. Sucker of medium size. Colour in 
life olive-brovvn on dorsum, with five dark stripes, including pale 
yellow spots; venter paler, wirh a reddish or yellowish tinge 
streaked and spotted \vith black. Annuli VII a 3 and VIII a l 
fully divided into secondary annuli. Somite XXIV witli 6 5 and 
b 6 fully distinct and little stnaller than the other annuli. Ja\vs 
bearing tvvo series of thin chitinoid plates in place of true teeth. 
Distinguished from all known Indian Hirudidae except 
Dinobdtlla ferox by the slender anterior end, and from that 
species bv the smaller sucker and nearly uniform width, and the 
colour. Type in British Museum. 

Description .—A large, robust, and fleshy-bodied leech of nearly 
uniform widtb for most of the length, but the first seven or eight 
somites abruptly attenuated (less so than in W. edentula). A 
large specimen svvimming measures 165 by 20 mm. and fully 
extended 210 min. long (Whitman). The largest example in the 
Indian Museum collection measures 143 miu. in length, 28 mm. to 
male gonopore; \vidth of buccal ring, 2*6 mm.; vvidth at male 
pore, 14*5 min.; maximum width (middle of length) 17 mm.; 
depth at male pore, about 4 mm.; at middle, about 6 mm.; 
diameter of caudal sucker, 8*3 mm. 

CepJialic reyion small and slender, relatively narrower than in 
D. ferox% the buccal width averaging one-fourth of the caudal 
sucker diameter, which does not exceed one-balf the maximutn 
body-vvidth. The cephalic sucker ie, therefore, very small and 
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weak, witliout expanded margin, and its caudal and buccal rim 
formed by somite V Lip prolonged, its ventral face smooth, 
with no trace ot* median ñssure. Eyes ñve pairs, small but con- 
spicuous, those of the first pair largest, arranged as usual on 
somites II to VI inclusive, the first three pairs on contiguous 
annuli, the third and fourth separated by one and the fourth and 
fifth by two annuli; but o\ving to the narrowness of the head 
they form less ot' an arch, and appear to be in two parallel lines 
and more vvidely aparfc serially than in broad-headed species. 

Clitellum seldom apparent exfcernally, but when well developed 
forming a thick internal glandular layer embracing fifteen annuli, 
X 6 5 to XIII a 2 inclusive. Gonopores separated bv fiv r e or 
nearly five anmdi, the male orifice being in the furrovv XI 6 5/b 6 
or within the borders of b 6, sometimes as far as itl middle, the 
female pore similarly placed on somite XII. Indian specimens 
usually present the Jatter, Japanese specimens the former (inter- 
annular) condition. One example has a filiform penis protruded 
to a length of 7* L mm. vvith a diameter of 0*2 mm. at tlie base, 
from which it tapers to a truncate tip. Both gonopores are 
small, rounded or slightly slit-like orifices, flush vvith the surface 
and vvith slightly furrowed margins. 

Nephropores seventeen pairs, in the usual position on the caudal 
margin of VIII b 2 to XXIV b 2 inclusive, or in the f urrovv 
b 2/a 2, constantly small but conspicuous. Caudal sucker rather 
small and weak, under ordinary conditions usually less than one- 
half the maxiiuum body-vvidth, aboufc as in typical Hcemopis , and 
especially small as compared vvith Dinobclella ferox. The pedicel 
is broad, the disk usually shallow with the margin thick and 
smooth. 

Integuments perfectly smooth, without vvrinkles or papillae. 
Sensillae small and unelevated, in six series dorsally and six 
ventrally, the marginals being absent or invisible; the infcerspace 
A=1/2B, B = C; on the venterH = l 1/2 G, Gr=l 1/4 E. On 
some individuals they stand out conspicuously as sraall, nearly 
vvhite spofcs ; on others tliey are obscure. Four to six in each 
series on the sucker. 

Annulation .—Annuli flat and regular throughout, with clearly 
defined furrows of constantly equal depth. Somites I, II and IH 
uniannulate, the lasfc a rather long but apparently quite undivided 
ring, bearing the full sefc of dorsal sensill», the intermediates 
being the second pair of eves. IV biannulate, the firsfc annulus 
(a 1, a 2) being longer, and bearing the third pair of eyes ; a 3 
passes into the caudal rira of the sucker to unite vvith V in the 
buccal ring. V biannulafce, vvith the first annulus (a 1, a2) mucb 
larger than a 3, and shovving a slight dorsal development of the 
furrow al/a2, vvhich practically disappears on the venter. VI 
triannulate (a I=a2<a3), the furrow a2/a 3 strongly developed 
on the dorsum, but fading out at the margins and disappearing on 
the venter. VII quadrannulate (a 1 much >a 2 mueh >6 5=6 6) 
on dorsum, with 61/6 2 often fainfcly indicated; al slightly 
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>a 2 = 65 = 6 6 on venter. with the furrow 61/6 2 constuntly 
obsolete. VIII to XXIV inclusive quinquannulate, VIII having 
the formula 61 =62 < a 2=6 5=6 6, IX to XI with the annuli 
slightly but regularly increasing in size; from XII to XXIII, 
inclusive, all are npproximately equal. XXIV has the formula 
6 1=62=«2 >65=6 6, 65 aud 6 6 each usually about two-thirds 
the size of the others and the furrow separating them shallower. 
XXV quadrttnnulate (6 1 = 6 2 = or < a 2 mueh < a 3), the f urrow 
6 5/6 6 being partially developed, especially near the margins of 
the dorsum of some specimens. XXVI usually biannulate, the 
longer anterior ring in sonie cases showing traces of al/a2 as r 
for example, figured by Blanchard ; in other cases a 2/a 3 becomes 
reduced, leaving the somite nearly uniannulate. XXVII is 
binnnulate or uniannulate. 

Colour in life l)rownish-olive to olive-yellow with five dark 
broxvn <»r blackish lines, a median, and a pair each in the outer 
paramediau and interinediate fields. The median stripe is usually 
dnrker and more unifonnly continuous than the others, which 
may be more or less broken and spotty. rrequently there is a 
broad, median dusky band about one-third of the total body- 
\vidth aud bordered by a somewhat darker third pair of brown 
stripes at the inner paramedian level, and occasionally there is a 
faint, mirrow, supramargiual stripe or row of spots. Typically 
each of the five normal stripes, and, more rarely, of the supple- 
mentary paramedian stripes, bears a series of pale yellowish oval 
or quadrangular spots which vary greatly in degree of de- 
velopment. The largest and most constant spots are disposed 
inetauierically on annuli 61 and 65. Occasionally similar, bnt 
usually smnller, spots fill the intervals on 6 6 or, more rarely, on 
6 2 and a3. This condition is most frequent toward the anterior 
end of the body, \vhere normally on the incoraplete somites the 
spots become eoalescent and form a yellow line. This occurs 
rarely and to a less degree on the immediate stripe also. Other 
variations ave the occurrence of yellow spots along the obscure 
inner paramedian line, or their total absence froin the median 
stripe of the middle somites, at least. The caudal sucker shows 
traces of the same pattern. The ventral surface is a pale brown, 
olive-brown or dnll orange, \vith duskv submarginal stripes and 
numerous black or dusky spots, becoming rnore or less confluent 
as longitudinal streaks or even continuous stripes, most con- 
spicuous in the paramedian and submarginal lines. Small flecks 
or spots of brown and black raay be scattered on both surfaces. 
Margins clear yellow or orange bounded by supramarginal and 
submarginal duskv stripes. The sensillae, nephropores and gono- 
pores appear as palcr spots. and the eyes stand out eonspicuously 
black on a pale background (Whitman, from Japanese examples). 

The material in the Indian Museum colleetion is insufficient to 
determine how fully the species, as occurring in India, conforms 
to the above colour description. T\vo well-preserved specimens 
from Manipur liave the eolour-patter» based on the typical plan 
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bnt differing in the following respects :—The dorsal gronnd- 
colour is dusky olive-grey. All seven dark stripes, the median 
and tbe outer paramedian, intermediate and supra-inarginal pairs, 
are clearlv discernible, but the yellow spots are so vvell developed 
on all except the outer or supra-marginals that they dominate the 
stripes, vvhich appear as drab lines narrowly margined vvith black 
or dark brovvn. On most somites the spots occur on every 
annulus, but are smaller and more obscured by black on the 
sensory antiuli (a2), giving the impression that the stripes are 
narrovved or even interrupted on this annulus. A similar but less 
obvious and less frequent reduction of the spots may occur on 
annuhis i2, but. on the first (b 1), fourth (b 5), and fifth (b 6) aimuli 
of each somite the spots are constantly presentand of conspicuous 
size, and under the lens are seen to be bordered vvith black. 
Supramargiual stripes lack these pale spots, and may be either 
solid black or dark brovvn, or nutde up of closely confluent small 
dark spots. The broad, median, duskv field is also verv apparent 
on tliese speciraens. A feature that does not appear on the 
Japanese examples, but is very eonspicuous on these, is the vvhite 
spot.ting of the areas including the dorsal sensillss and the eon- 
nexion of those of the intermediate and supramarginal series by 
narrovv, pale, longitudinal lines, which, therefore, alternate vvith 
tlie set of stripes first described. Inasmucb as they are best 
developed on the sensory annuli, they alternate longitudinally also 
vvith the yellovv spots, vvhich are leasfc developed on the sensory 
annuli. I'urthermore, the sensillar markings appear to be due, 
not to yellovv pigment, but to the total absence of pigment. The 
marginal yellovv stripe is narrow, clearly defined, and pale or 
unpigmeuted spots occur on it in the position of the marginal 
sensillae. Ventral surface dull orange, rather thicldy speckled 
vvith irregular black spots, cbiefly aggregated and more or less 
confluent as tvvo pairs of broad paramedian and submarginal 
stripes. 

A faded specimen from the He Ho Plaiu is uniformly dull grey 
vvithout markings dorsally, pale yellowish grey ventrally, with a 
fevv scattered dusky spots and a pair of dusky or black sub- 
marginal stripes bounding the clearly-defined marginal yellow 
stripes. Baird’s type agrees closely with this. 

Alimentary Canal of Hcemopis type (Pl. VI, fig. 18).—Javvs 
small, lovv, scarcely differentiated from the pharyngeal ridges 
vvhich they terminate. No true denticles, but tvvo series of 
fitteen to tvventy thin, irregular, partly confluent, partly detached, 
brovvnish chitinoid plates, much reduced in size at the ends and 
enclosing between them numerous rainute, detached pieces of the 
same substance. Of the Indian Museum material only the 
8. Shan specimen has the jaws intact, and on this the dentinal 
plates are very thin and nearly colourless. Pharynx rather long 
and slender, reaching froiu somite VII to IX. thin-walled and 
weak, with six internal longitudinal folds or ndges, of which 
three, the dorso-median and paired ventro-lateral, are larger than 
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the alternatmg ventro-median and dorso-lateral, and terminate 
in the jaws. Stomach a slender, straight, thin-walled tube 
reaching from somite IX to somite XIX, where it terminates in 
a pair of simple, slightly sncculated, tubular cseca reaching to 
XXII only; cnudad of the origin of these in XIX is a pair of 
short, \vide pouches. The post-genital portion of the stomach is 
regularly slightly constricted interdegmentally, and in somites 
XIV to XVIII forms a series of small simply-expanded chambers 
without definite caeca. There is no clear distinction between 
(Bsophagus and stomach, the whole being lined with numerous 
fine vermicular longitudinal folds. Intestine verv thin-walled 
and dilitated anteriorly, provided in XX, XXI and XXII with 
two pairs of short, broad pouches, those of XXI being largest and 
completely covering the gastric cseca. Remainder of intestine 
tapering, with slight, irregular sacculations. 



yjg 47 ^—Whitmania lavis. Partial view of dissected reproductive organs 
6 from the dorsura. X 3J. çf and $, respectively, indicate position of 
male and female genopores; e.b., ejaculatory bulh; other lettering as 
in fig. 46. 

Reproductive Organs (fig. 47) also resemble the Hcemopis type, 
but the terminal organs are much less elongated and in other 
respects they approach Hxrudo . The male atrium is slender and 
subpyriform, the penis-sac opening just caudad of the ganglion 
XI, subcylindrical and at its summit passing abruptly into the 
forwardly-reflected, short, bulbous prostate, which with its thick 
glandular covering reaches nearly halfway down the cephalo- 
dorsal face of the penis-sac. From the tapered end of the 
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prostate gland the long slender ejaculatory ducts run cephalad 
■on the face of the penis-sac to ganglion XI, the left passing 
beneath the nerve-cord (right in Whitman’s dissection). Here it 
bends sharply into the cephalic end of the well-developed, 
glistening, straight, fusiform ejaculatory bulb, which lies parallel 
to the nerve-cord and reaches to XI/XII, passing at this point 
abruptly into the epididymis.' Epididymis extensively developed, 
consisting of a soft pale yellow, intricately convoluted tube of 
varying diameter arranged in two closely approxiraated limbs 
sharply folded on each other, the shorter limb about equalling 
the ejaculatory bulb in length and continuiug in the same direction 
to ganglion XII, the longer limb lying on the ventral face 
of the shorter and of the ejaculatory bulb nearly to the cephalic 
end of the latter, where its tube again bends sharply caudad into 
the vas deferens. Yas deferens in the usual position on the 
longitudinal muscles of the body-floor, reaching to somite XXIII, 
verv slender and smooth to the caudal end of XII, from whieh 
point it becomes more conspicuous, irregular and roughened, 
owing to the covering of unieellular glands. Testes ten pairs, 
intersegmentally in XIII to XXII inclusive, chiefly in h 5 and 
h 6, but extending into 6 1 of following somite, tbe first six and 
the last exposed by side of stomach and intestine, the seventh 
to ninth concealed by the caeca, elongate, ellipsoidal, lobed by 
moulding to muscles and other organs. 

Female genitalicc (fig. 47) exactly as figured by Whitman, con- 
«isting of a short, narrow, vaginal duct opening behind ganglion 
XII, and a large ovate or ellipsoidal vaginal pouch reaching 
nearly through or beyond (Whitman) somite XIII. The stout 
common oviduct enters the extreme summit of the vaginal pouch 
and occupies a groove in, or is closely adnate and adherent to, -its 
cephalic or dorsal surface for its entire length, the distal part 
being extensively embedded in a loose mass of albumin glands 
compressed to a thin layer adherent to the vagina. Paired 
oviducts verv short, the left passing beneath the nerve-cord. 
Ovisacs smooth, translucent, vesicles on each side of nerve-cord at 
XII/XIII. (Based on one dissection.) 

Geographical Distribution and Bionomics .—The actuallj r recorded 
distribution of this species is limited to Japan (Whitman, 1886, 
Oka, 1910, 1917) ; Eormosa (Oka, 1910 var. formosana ) ; 
China (Baird, 1869, Blanchard, 1896, PlotnikofP, 1905, Oka, 
1917, Moore, 1924); Amur region (Schegoleff, 1916) ; India 
(Blanchard, 1896, Kaburaki, 1921, Moore, 1924). Kaburaki adds 
the Philippines and several of tbe East Indian Islands, but gives 
no authorities. Only three examples occur in the Indian Museum 
collection, two from Manipur (Thanga Island and Pagla Nadi), 
and one from the South Shan States (Ingauny, He Ho Plain). 
It seems prohable, however, that these Burman iocalities do not 
indicate the extent of the distribution of this species in India. 
Iu Cliina it has been reported from several coastal localities as 
far north as the Amur Kiver (50° N. Lat.). 
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In both China and Japan this species is reported to occur in 
ponds, ditches and rice-fields, and by different observers to be 
fairly abundant, uncommon or rare. The Indian examples were 
taken in streams. Nothing relating to its habits is recorded 
except the following note by Whitman: “ Yery sluggish; not 
easily induced to s\vim, tbough swimmjng well when forced. 
Food unknown; probably carnivorous.” It thus resembles 
Hasmopis. 


DINOBDELLA, new genus. 

Synonymy : 

Whitmania f Blanchard, 1886, p. 322 (in part). 

Whitmania, Moore, 1924, p. 377 (in part). 

Diagnosis .—Size and form variable. Colour nearly solid, 
without definite pattern. Complete somites fifteen or sixteen, 
XXIY being eitber quadrannulate or quinquannulate. Eyes 
small, norrnal in arrangement, but often obscure. Gonopores at 
XI h 5/6 6 and XII 65/6 6. Jaws small, smootb and edentulous. 
Gastric caBca well developed, two pairs in each somite. Both 
atrium and vagina much elongated; vaginal sac little enlarged 
and little differentiated from either the vaginal duct or the 
common oviduct. 

Type-species, Whitmania ferox , Blanchard, 1896. 

Besides this tvpe, a second Indian species (D . notata ) is very 
distinct, as indicated below :— 

A. Diftmeter of caudal sucker often equalling or 
exceeding width of body; maximum width 
of body near caudal end; sensillffi and often 
eyes indiscernible ; annulus YIII a 1 with a 
small cephalo-ventral partial annulus or lune 
cut off; principal gastric c«ca long and bent 
caudad into succeeding somite, overlapping 


in successive somites ; no distinctly enlarged [p. 175. 

ejaculatory bulb. Dinobdella ferox y 


AA. Diameter of caudal sucker much less than 
(about one-half in types) maximum width of 
body, which is near middle; eyes and espe- 
cially sensillae very conspicuous; annulus 
VIII «1 undivided ventrally; principal 
gastric cffica of each somite straight, confined 
to somite of origin, and not overlapping; [p. 185. 

ejaculatory bulb large. . Dinobdella notata , 

32. Dinobdella ferox (Blanchard). (PlateIV,fig.4; VII, figs. 23, 
24.) 

Synonymy: 

Trocheta subviridis , Murie, 1865, pp. 659-662 (Moluccas), not Tro - 
cheta subviridts Dutrochet, 1817. 

Whitmaniaferox Blanchard, 1896, pp. 322-325 (supposed Asiatic). 
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Hcemopis birmanica , Kaburaki, 1921 (in part), pp. 712, 713, India 
(Darjeeling Dist., East Himalayas and Lahore) and Siam 
Khumlam), uot Hcemopis birmanica Blanchard. ]894. 

JVhitmania ferox Blanchard. Moore, 1924, pp. 377-380, pl. xx, figs. 
12-14 (exterior and reproductive organs). India (Mungpoo, 
Darjeeling). 

Diagnosis. —Size very iarge, up to 8-10 inclies or uiore in life t 
elongated, with greatest width far back, and anterior end slender. 
Colour in life dark green, entirely without markings. Head 
small, caudal sucker very large, ofteu equaliing or exceeding 
maximum vvidth of body. G-onopores at XI 6 5/6 6 and XII 
6 5/6 6, rarely vvithin 6 6. Eyes five pairs, arranged as in 
Whitmania etc., but small, deeply placed and usually obscure. 
Somite VIII quadrannulate, with a small, usually lunate, portion 
cut off of the anterior margin of a 1 on the venter. Complete 
somites sixteen (IX-XXIV), the last sometimes quadrannulate. 
Jaws small, smooth and completely lacking teeth and papillae. 
Gastric caeca extensively developed, long and slender. Organs of 
reproduction very small in parasitic, and matnre only in free- 
living individuals. Atrium strongly clavate, the prostate massive, 
ejaculatory duct lacking enlarged bulb. Vagina very long and 
slender, albumin gland on entire length of common oviduct. 

Parasitic in air-passages of domestic and probably of vvild 
mammals; also free-living in water. 

Type in British Museum. 

Description.—Size very large, probably the longest of Indian 
leeches, and wheu extended in life possibly exceeding a foot. 
Many strongly contracted museum specimens are upvvards of six 
inches long. Complete measurements of a well-preserved example 
are: length, 158 mm.; leugth to male pore, 21 inm.; buccal 
width, 4*2 mra.; width at nuile pore, 13 mm.; maximum width 
(XXII-XXIV), 22 mm.; depth at buecal ring, 2*3 mm.; depbh 
at male pore, 4’5 mm.; depth at XXIV, 7 min.; diameter of 
caudal sucker, 22*5 mm. These proportions are typical. An ex- 
cessively contracted specimen with an enormous sucker ineasures: 
length, 92 mra.; to male pore, 15*3 mm.; buccal width, 4-5 mm.;. 
width at male pore, 14 mm.; maximum width (at XXIV), 
20 mm.; and suclter diameter, 21*8 mm. 

Form slender and graceful, much resembling the American 
Hcemopis lateralis (PL VI, fig. 24), but with the maximum vvidth 
characteristically far back, immediately anterior to the sucker* 
from vvhich it tapers gradually and regularly to the head. In 
this form and the large caudal sucker parasitic individuals differ 
strikingly from any other Indian leech. Eree-living individuals 
not distended with blood, however, usually have a more uniform 
width, with the maximum further forvvard, the caudal sucker 
relatively smaller 'and the head relatively larger. In parasitie 
individuals the ratio of sucker diameter to buccal diameter is 
4*5-5 to 1; in the free-living ones 3-4 to 1. TJsually strongly 
depressed with the dorsum slightly arched, the venter flat or even 
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slightly concave aud the margins rather sharp and serrated. 
One lofc, however, killed in chrouñc acid, is well-extended and 
nearly cylindncal. 

Head-region in parasitic individuals small and rather narrow, 
the width at the buccal ring being one-fourth or even one-fifth of 
the diaineter of the caudal sucker. Upper lip narrow but not 
much elongated as in IVhitmania lcevis, formed of the first three 
somites, whichare very slightly or not at all separated by furrows, 
and the first annulus of IV which is distinct. Dorsal surface 
much and irregularly wrinkled, the free margin furrovved and 
crenulate; ventral surface usually quite smooth and either 
uufurrovved or vvith a median furrow posteriorly which fades ont 
in the anterior half. Buccal ring slightly thickened and furrovved, 
constituted of the nearlv completely coalesced annuli of somite V, 
together vvith the second annulus of IV Eyes very obscure andi 
possibly actually absent from some of the larger parasitic 
examples. Usually they cannofc be discovered at all in ordinary 
surface vievvs. Iu other cases, only the first two of three pair» 
cau be seen in surface vievvs or after clearing in glycerine or 
dissecting away the integument. On one particularly favourable 
example all tive pairs are visible in surface views, arranged in 
the usual arch on somites II to VI. All are very small and 
deeply sunken, the fifth pair being particularly minute aiul faint. 

Clitellum apparently absent or at least not developed as a 
distinct glandular layer. In every specimen studied, even the 
largest, and those with mature genitalia, aunuli of the clitellar 
region have exactly the same appearance as the others. Gono- 
pores typically interannular, the male in the fuvrow XI 6 5/6 6, 
the l'emale XII 6 5/6 6, but the male pore, and less often the 
female, may be slightly vvithin the borders of 6 6. Both pores 
raav be very small and hidden in the furrows. When best 
developed the male is a rather conspicuous transverse orifice 
elevated on a papillsB supported equallv on 6 5 and 6 6 or chiefly 
on the latter, aud which may be low and flat or an elevated,. 
fluted cone ending in five or six minute lobes surroundiug tho 
opeuing at the summit. Female pore commonly a minute round 
opening, but in acfcively breeding leeches a transversely elongated 
or elliptical orifice as large or larger than the male pore and 
sometimes on a flat, radially furrowed papilla. In only one case- 
has a protruded penis been seen ; in this about 2 mm. of its end 
projects from the male gonopore. 

Nephropores usually large and located in the customary position 
from VIII a 1 to XXIV 6 2, seventeen pairs in all. Sensillas are 
entirely indiscernible on most specimens, but occasionally a few 
very small ones may be distinguished in the usual positions, 

Jlnus at base of sucker behind XXVII. Caudal sucker very 
large on most specimens, equalling or even exceeding the 
maximum width of the body, four or even five times the buecal 
width. It is almost always expanded, flat and discoid, with all 
except the centre or peduncular portion of the disk very thin and 
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smootb and frequently vvith the oblique and circular muscles 
■visible through the integument. Ventral surface lacking radial 
ridges and marginal crenulations. 

Annulation usually very distinct, the furrows deep aud the 
annuli serrate, usually with sharp transverse ridges, vvhich in 
strong contraction form low folds. Somites I, II and III are 
■uniannulate, largely coalesced, and the furrows obscured by 
numerous fine wrinkles. IV biannulate, the second annulus (a 3) 
being smaller and well-defined, the first often incompletelv 
separated from III. V biannulate (a 1, a2)>a 3, on dorsum, 
united to form buccal ring or peristomium on venter. YI is 
usually triannulate dorsally (a 1=a 2 < a 3 or (a 1, a 2) > a 3), or 
the furrow a 1/a 2 may be so faint that it is disregarded, as on the 
Yenter, where it constantly fades out, leaving (a 1 a 2) as a single 
annulus. YII triannulate, complete both dorsally and ventrally 
(al=a2<a3), al in one case divided by a faint ventral furrow, 
a3 more or less enlarged and occasionally witli a faint furrovv 
(6 5/6 6) on either dorsum or venter. VIII constantly quadrannu- 
late (al>a2=65=66 or a 1 >a2<65=6 6); a I invariably 
enlarged and vvith a distinct furrovv' on the venter. This furrovv 
is very characteristic, and, with verv rare exceptions, occurs on 
free-living as vvell as on parasitic individuals. It may extend 
across the entire vvidth of the venter, and occasionally even on to 
the sides and part of the dorsum, but usually it meets the pre- 
ceding intersegmental furrow some distance short of the margins 
of the venter, thus cutting off a narrow crescentic segment or 
lune from the anterior margin of the annulus. Notwithstanding 
its constancy it is doubtful if this represents a true incipient 
annulus (6 1), from vvhicli it differs in several respects. Iu no 
case does it include more than oue-third of the length of a 1, and 
usiially it. is much less. In only one specimen of fortv-five 
«tudied is this furrow absent, making it a verv distinctive charac- 
teristic of the species. Sixteen somifces (IX to XXIY) are 
eomplete and quinquannulate, all five annuli heing typically equal 
(6 1 = 6 2=a 2 = 6 5 = 6 6). except that on IX 6 1 and 6 2 and on 
XXIY 6 5 and 6 6 are usually smaller than the others, and the 
latter much crowded together ventrally by the sucker pedicel. 
Harely XXIY is quadrannulate, as described by Blancbard and 
on tvvm specimens examined by myself. XXY triannulate (al = 
a2 = a3oral>a 2=a 3) or very rarely incipiently quadrannulate 
(6 I, 6 2) >a 2 = a3; a 2 and a 3 crowded together and occasion- 
ally united on the venter. XXYI and XXYII each biannulate, 
the latter smaller and its second annulus often divided by the 
auus. 

Oolour in life (Pl. IV, fig. 4) a uniform dark green vvithout 
stripes, bands or spots (Blancbard and Murie)*. No mention 

* The coloured sketch froru which fig. 4, Plnte IV., was copied was labelled 
Limnatis granulosa , but evidently was drawn from a speeimen of D , ferox 
taken along with several of the former epecies and carrying tbe same Museum 
number. 
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-of even a marginal stripe is made. lt was this coloration as well 
as the slender, elongated form aud iuconspicuous eyes and jaws 
that misled Murie in determining his specimens as Trocheta 
sttbviridis. Several of the preserved specimens retain much of 
the original colour, being uniform dark green or drab-green 
without the slightest trace of even the marginal stripes so 
generally present in leeehes. Most of the preserved specimens 
are faded or discoloured, being grey, brown or drab, but always 
uniform and quite without markings. Parasitic individuals 
frequently are mucli stained and discoloured by the blood of their 
hosts. 

Alimentary canal (Pl. VII, fig. 23) of sanguivorous type. Jaws, 
however, very small and weak, terminating the principal pharyn- 
geal ridges (dorso-median and paired ventro-lateral) and retractile 
into recesses of the buecal sinus ; the dorso-median larger than 
the paired ; all perfectly smooth, without papillae and all perfectly 
edentulous. This statement applies to all of sixteen specimens 
studied, parasitic as well as free-living, and was verified on three 
series of sections. The salivary glands are largely developed aud 
occur aggregated in small bundles or singly among the muscles 
of the pharynx. Their ducts form conspicuous bundles passing 
through the axis of the jaws aud spreading in a fan-shaped plate 
to open along the apical ridge. Pharynx relatively small as in 
Hirudo , extending through VII and VIII only, fusiform, bulbous, 
with musculature of moderate thickness. Mucous lining with six 
longitudinal folds, the principal ones dorso-median and paired 
ventro-lateral, terminating in the jaws and alternating with three 
sinaller ones. A well-marked transverse valvular fold separates 
the pharynx from the stomach at VIII/IX. Stomach very long 
and extensively developed, the median tubular portion reaching 
frora IX to XIX inclusive. When empty or little distended this 
is slender, with the chambers only slightly enlarged and litfcle 
lobed ; when fully distended wifch blood, as is always the case wifch 
parasitic individuals, it presents numerous small lateral lobes 
between the bases of the caeca. The caeca are exceptionally well 
developed. Beginning in somite IX the first three or four pairs 
(to XI or XII) are small and irregular. FollowiDg tliese to 
somite XVIII there is a very short pair succeeding a long slender 
pair in each somite. The latter reaches to the lateral bocly-walls 
and bends back obliquely into the following somite. The last pair, 
arising in XIX, are very long and slender and continue by the 
sides of the intestine to XXV They are tubular and curiously 
looped or festooned, especially in contraoted leeches. When 
empty or nearly so the principal cseca are slender and tubular, not 
branched and lobulated as in many species, but plaited, folded and 
raove or less compressed. This is especially the case with the last 
reflexed pair. When distended with blood the plaits open out, 
•permitting the eaeca to extend and expand and the main pairs to 
overlap extensively, to fit themselves to the muscles and to displace 
*the softer organs. The result is the almost complete filling of the 

n2 
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body and the storage of an enormous quantity of blood. There 
nothing distinctive about tbe intestine. 

Reproductive orgcins (fig. 48) are fully developed and mature 
only in free-living speeimens taken in water. Several sueh dis- 
sected agree fully. Testes eleven pairs, XIII/XIV to XXIII/ 
XXIV; nothing noteworthy about them or the vasa deferent-ia. 
Epididymes rather small, lying in somite XI anterior to the 
prostate and concealing the anterior part of the penis-sac from 
above, the duct compaetly folded ijito two limbs bent togetheiv 
Ejaculatory duct rather shorter and decidedly coarser than usual 
and vvithout an enlarged ejaculatory bulb. Either one niay pass^ 
beneath the nerve-cord. Atriurn of the Hivudo type, but note- 
worthv because of the relativelv great length and slenderness of 
the penis-sac, which may be folded on itself. Prostate greatlv 



Fig. 48 .—Dinobdella ferox. Female reproductiveorgans and terminal portion 
of male organs, from dorsuru. X 4J. Atrium and epididymes displaced 
to left, vagina separated and displaced to right. Drawn from a small 
(70 mm.) free-living example. Lettering as in fig. 46, p. 166. 


enlarged, bent forward on the dorsum of the penis-sac, truncate 
and covered with a thick glandular layer. The ejaeulatory ducts 
enter at or near its distal angles. None seen with the penis 
protruded. Female organs very distinctive. Ovisacs as usual,. 
with short oviducts, either of vvhich may pass beneath the nerve- 
cord. Common oviduct also short and wide, with the albumin 
gland distributed along most of its length as a thin layer, and 
entering the extreme end of the vagina vvithout any conspicuous 
line of demarcation. Vagina usually folded into a compact mass, 
but consisting of a very long and slender tube lacking a caBcum 
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And with little or no distinetion betxveen duet aud sae. Speeimens 
knovvn to be parasitic or suspected of being so beeause ot’ their 
source and couditiou, iiaving tlie eseca fiiied \vith blood and the 
ekiu stained and smeared with blood, are invariably sexuaily 
iuactive. The reproductive organs of such are verv minute, often 
only two or tliree millimetres long or even less in the largest 
leeches. They may scarcely rise from the ventral body-walls above 
the nerve-cord, aud frequently in even the very largest leeches are 
very difficult to find. Except for their minuteuess and immaturity 
they depart little from the form just described. The atrium is 
less elongated, but the penis-sac is slender and the prostate much 
enlarged and bent forward on the foruier. There is noejaculatory 
bulb, and the epididymis consists of a few open coils of the sperm- 
duct. Except that it is relatively less elongated and very much 
smaller, the vagina does not ditfer in appearance from the mature 
organ. Two of the free-living examples have reproductive organs 
somevvhat smaller than the others but much larger than those of 
the parasit-ic individuals and interinediate in form. 

The species as here determiued includes two groups, the one of 
seveu specimens known to imve been taken from tlie water, the 
other of thirty-five speciinens eitlier reported as liaving been 
removed from all the air-passages of mammals or suspected of 
having had this origin because fchey are gorged with blood and 
bloody exterually, and were collected by veterinary agents. Every 
oue of tlie latter, without exceptiou, is corapletely imiiiature, vvliile 
of the former, five have the reproductive orgaus obviously actively 
functioning and two of large size but less active. It is not a 
question of size or age, for the size of the parasitie forms varies 
from 49xi3mm. to 168 x 22 mm., and of the free-livers from 
43 x 12 mm. to 128 x 17*1 mm.; nor of season, for, while the date 
of collection of many of the parasitic individuals is not stated, six 
of them vvere taken iu June, vvhen the reproductive organs of the 
other group are highly developed, and others in July. 

Although they possess nearly all technical characters in common, 
the two groups also present soine difierences. One of the most 
«triking is the shape of the body, vvliich in the parasites has the 
greatest breadth very far back close to the sucker and tapers 
regularly to the small head. In the aquatic group the maximum 
width is near the middle, but there is little change throughout 
most of the lengtli. This is probably merely the result of the fact 
that leeches of the first group are gorged with blood and that the 
•distentiou of the greafc terminal pair of caeca gives a greater volume 
to the posterior region in which they lie. The caudal sucker of 
tlie parasites is very large, even exceeding the maximum of the 
body, and the head is relatively small. Free-living examples, on 
the eontrnry, have the caudal sucker invariablv much less than the 
maximum vvidth, thicker and evidently contracted, and the head 
relatively niuch larger. l'hese dilferences it is possible to explain 
as regulatory or adaptive changes due to tiie different modes of 
life and the varying uses to vvliich these organs are put, espeeially 
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should it prove that the free-living individuals wholly or partly. 
prev upon insects, vvorms, etc., as Tenneut (1860) states. 

The questiou then arises, vvliat is the relation betvveen the two 
forms? Of course tliey may prove to be distinct species, but this 
seems improbable, Assuming, therefore, that the vievv here taken 
is correct and that leeches of both forms may originate from the 
same lot of eggs, what relationships are possible ? There seem 
to be three: first, this may be an ordinary case of intermittent,. 
faculative parasitisra, in vvhich any individual may at any time 
play the part of a parasite or of a free-liver; second, the relation- 
ship may be a periodical one, either seasonal or developmental 
or third, it may be that a life of parasitism, having once been 
adopted, becomes habitual for that individual, and is persisted in 
either for life or for a long period. These three alternatives vvith 
questions based upon them were submitted to a number of Indian 
naturalists and veterinarians, but vvithout eliciting any inforimitiun. 
relative to the settlement of the problem. "Without presenting 
the pros and cons of each alternative at length, it may be said. 
that the second seems the least probable for the reasons already 
mentioned, that both parasitic and free-living individuals occur of 
all sizes (no very small ones of either phase are known) and at all 
seasons. The first altemative is the one that apviori seems most 
probable, as it conforms more nearly with what is known of other 
leeches, many of which will make a meal almost indifferently upon 
small invertebrates or upon the blood of vertebrates. The line 
betvveen parasites and predators is a fine-drawn one. This also is 
the life-history usually attributed to Limnatis nilotica, Sav. r 
vvhich is similarly parasitic on Man (Masterman, 1908). Tennent 
(1860), wrifcing of the cattle-leeches of Ceylon (his Hcemopsis 
'paludum , vvhich I believe to be distinct from D. ferox ), statea 
that they live among the vegetation of tanks, feeding on aquatic 
worms etc. until an opportunity offers of attaching to the muzzle^ 
of a drinking animal, when they enter the nares. 

There is considerable evidence that the period of parasitism in 
this species is of long duration and perhaps permanent for the- 
individual. The original discovery of this leech by Murie (I863 r 
see also Blanchard, 1896) was in the viscera of a posted specimen 
of a Cervus moluccensis which died in the London Zoological 
G-ardens. This deer had first been sent to Amsterdam; and while 
there is no published record of the time elapsed between ita 
departure from its native Moluccas and its death m London,. 
it musfc have been a matter of several montbs, at least, during 
which the leech remained a parasite in its air-passages. Other 
cases are on record of these leeches being taken from the air- 
passages of yaks and buffaloes imported into the zoological gardens 
of Europe. The information gathered from correspondents in 
India (q.v. Borbhetta bullock, p. 185) indicates that once having 
entered the air-passages t-he leeches may remain there indefinitely^ 
That thev do leave their abode voluntarily at times is indicated 
by the fact tha-t they have been found in drinking troughs after 
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their hosts haddrunk,and that oneof the methods practisedin India 
for ridding cattle of them is to liold a bovvlof water or milk afc the 
auimars muzzle and vvhen the leech appears at the nostril to grasp 
and extract it. The faot that so many of the parnsifcic leeches 
have reaehed so great a size, coupled with the dvviudling of their 
reproductive organs almost to the point of disappearance and at 
all seasons of the year, indicates a prolonged period of residence 
vvithiu the host, and a possible complete loss of the reproductive 
function, improbable as this may seem. Should this prove to be 
the case aud the reproductive function to be confined to those 
individuals that have remained free-living, then this would be a 
unique case among leeches of a non-reproducing parasitic and a 
reproducing free-living class or semi-caste; of a leech thjifc under 
one sefc of euviroumental conditions responds in one way and 
under another set in quite a different way. Apparentlv this is 
exactlv what happens in fche artificial culture of H. granulosa (see 
p. 237), concerning which it is reported that individuals constantly 
employed for blood-letting lose the power of reproduction. Of 
course it may be that still other individuals may accept the first 
alternative and be intermitterjtlv parasitic and free-living. It is 
evident tlmt this leech lms an interesting and little-known life- 
history, and it is hoped that an Indian nafcuralisfc favourably 
situated will discover its breeding habits, the mode of life # of the 
young, exact relation to the host, etc. With this information at 
hantl it is quite possible that acourse of procedure could be worked 
out to prevent or control infestation of domestic animals. 

The cattle-leeches are vvidely distributed in Iudia, Burma 
and Ceylon, but appear to be much more abundant in some 
regions than others. In the dry uplands and deserfc regions they 
are said to be absent except when introduced in imported cattle. 
Tennent (1860) states fchat in Ceylon they abound in the alluvial 
lands around the base of the mountain zone, where they infest the 
stagnant pools (Hcemopsis paludum, Tennent, q. v.). They are 
reported to be especially abundant in Manipur, and my ovvn 
studies bear this out. They are plentiful in the JDarjeeling 
Districfc and parts of the Punjab also, and I have examinecl 
specimens from the United Provinces, Naini Tal, Ceylon and 
Khumlan, Siam. Landon’s (1905) reference to land-leeches in 
the nares of bullocks in Sikkim possibly refers to this species (see 
p. 268). They range from low altitudes in Ceylon to 5000 ft. in 
thehilis of Darjeeling and to 7500 ft. at Muktesar, in the United 
Provinces. It is not possible from the data at hand to state 
definitely in which parts of India they are indigenous and to 
which parts they have been carried by their hosts. 

The following mammals are known to suffer from their attacks : 
yak, buffalo, domestic cattle, horse, dog and deer, and doubtless 
other domestic aud wild animals are not immune. The domestic 
ruininants suffer greatly and frequentlv become mucb emaciated, 
or, vvhen the leeches are numerous and large, may even die as a 
resulfc of the constant loss of blood and the irritation. Having no 
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teeth these leeches are probablv unable to penetrate the outer 
skin, bnt the soft, highly vascular mucous membranes of the air- 
passages offer an abundant supply of bloodof which they take full 
advantage, attaching themselves sometimes in large numbers to 
the \valls of the buccal chamber, nasal passages, pharynx and 
larynx. 

8ome data kindly furnished by correspondents and bearing on 
the infestation of domestic animals are of much value. Dr. J. F. 
Edvvards, Director of the Imperial Institute of Yeterinary Research 
at Muktesar, very kindly consented to have a record kept for one 
year of all the leeches oceurring in aninials examined post-mortem 
at the laboratory, and sent to me a very interesting report compiled 
by M. H. Cooper, Pathologist, vvhich gives the only accurate 
statistics that I have been able to secure. In condensed form it 
is as t'ollovvs:— 


Infestation of Domestic Animals by Catxle-Leeches 

at Muktesah. 


Month. 

!No. of‘animals 
examined 
f'or leeches. 

No. iufested. 

Total no. of | 
leeches found. 

1 

Angust, 1924 

120 

5 

! 

5 

September 

183 

9 

] 5 

October 

135 

2 

3 

November 

108 

0 

0 

December 

55 

0 

0 

January, 1925. 

30 

0 

0 

February 

0 

0 

0 

March 

1 


1 

April 

43 

4 

7 

Mav 

106 

3 

5 

June 

67 

0 

0 

July 

117 

0 

0 

Total 

965 

24 

36 


Tvvo points are worthy of comment^ first, the small percentage 
of infestation, less than 2*5 per cent. and the absence of any 
reported infestation during the vviuter, and again dur'ng June 
and July. The largest number <#f leeches taken frorn anv one 
animal was four. These data might be taken to indieate that the 
leeches leave their hosts during the early summer to breed, did not 
the Jndian Museum collections indude twenty-one speciinens vvith 
ehrunken reproductive organs taken from hosts during these two 
month8. The absence of leeches from the winter cases may be 
due to the small number of animals posted. 
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The following extract froui a letter from Mr. Cooper is of 
intereBt :—“I have obtained, through tlie kiudness of Mr. A. E. 
Andrews, Entomologisr of the Torklui Experimental Siation, 
Annamara, Assaiu, a preserved specimen of a leech taken from 
the nostrils of a Manipuri bullock at Borbhetta on the 25th of 
Julv, 1923. The bullock was imported from Manipur some 
fiftnen months ago nnd was at that time in good condition. After 
a period of a few weeks the animal began to lose condition, until 
finally it was in a poor condition. The Head Mohorir at the 
garden suggested that a leech in the nostril might be responsible, 
•and the bullock was accordingly walked about in the sun for some 
time and then offered \vnter to drink. This leech then appeared, 
and was removed and preserved. After removal of the leech, and 
without other treatment, the bullock rapidly picked up condititm. 
The Mohorir states that parasitism of eattle iraported from 
Manipur is extremely common, while local plains animals are not 
aft'ected by this type of leech. Further, there is a tradition to the 
effect that intestat.ion occurs during the crossing of a particular 
river on the road From Manipur.” This leech is a typical example 
of the parasitic D. ferox with scarcely discernible reproductive 
organs. 

In an earlier letter Mr. Cooper wrote: “ Our experience here 
(Muktesar) is that a very large number of cattle are attacked bv 
these leeches. During Jast winter a number of animals in nasal 
granuloma experiments underwent post-mortem examination, and 
special examination of the nasal membrane was made. In a 
majority of them leeches were found.” Mr. S. H. Sen writes: 
“ In Eastern Bengal * cattle-leeches * are pretty numerous and are 
a source ot* nuisance, particularly during the rains. They may 
be frequently seeu xvriggling in the transparent \vater of ponds, 
eventually obtaining a foothold under logs of \\ood or on brick 
embankments, \vhere they wait for an opportunitv to attach 
themselves to their victims,” and “ cattle-leeches are of common 
occurrence at Muktesar, being frequently found in the naves of 
•cattle.” The g\vallas extract them by holding a vessel of water 
close to the nostrils and securing tho leeches as they partially 
come out of the nostrils, being attracted by the water. Mr. A. 
S. M. Ayyar (1922) states that he easily succeeded in clislodging 
a 11 of the leeches from the nares of a buffalo by syringing the 
parts with betel juice when all other means of extracting them 
had failed. 


33. Dinohdella notata, new species. (Plate VIII, figs. 34, 35.) 
Synonymy : 

JVhitmania sp. P Moore, 1924, pp. 382, 383, pl. xx, figs. 15-18 
(exterior and anatomv). 

Dlagnosis .—Size medium, in life probably 2-3 inehes long when 
«xtended. Form and general external appearance as in ffcemojois. 
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Living colour probably dark olive-green clouded with dusky, but 
without definite colour-markings; paler and less green ventrallyv 
Sensillae very conspicuous, elougated vvhite dots. Head and 
caudal sucker of about normal dimensions, the latter much less 
than the maximum body-vvidth. Gonopores at XI b5/b6 and 
XII b o/b 6. Eyes small but clearly visible and tvpical in arrange- 
ment. VIII a I entire (not cut by a furrovv) on venter. Somites 
IX to XXIII inclusive, complete; XXIV quadrannulate and 
XXV triannulate. Javvs small, smooth and edentulous. Gastric 
caeca well-developed, but not overlapping as in D. ferox. Both 
atrium and vagina elongated and slender; ejaculatory bulb well- 
developed. 

Eree-living and amphibious, so far as known. 

Type in collection of Indian Museum, Palni Hills, 6850 ft., 
Aug., 1922, S. Kemp. 

Description .—Knovvn only from two strongly contracted 
8pecimens (Pl. VIII, fig. 34), the largest of which measures as 
follows: length, 37 mm.; length to male pore, 5*3 mm.; buccal 
width, 1*7 mm.; vvidth at male pore, 8 mm.; maximum width 
(middle), 8 mm.; depth at male pore, 3 mm.; depth at middle, 
2*4 mm.; diameter of caudal sucker, 3*7 mm. The form is 
elongate oblong-elliptical, with the ends nearly equallv rounded 
and the width nearly uniform for most of the length; strongly 
flattened throughout, resembling contracted preserved specimens 
of Hcemopis. 

Head much contracted, lip lacking ventral fissure, and inrolled 
into oral chamber. It is formed of the first three somites and 
part of the fourth, and marked by two or three longitudinal 
furrows. Buccal ring composed of the united annuli of IV «3 
at the sides and somite V ventrally. Eyes small but clearly 
visible, on somites II to VI inclusive, and disposed as usual in 
Hcemopis , etc. 

Clitellum not developed in these specimens. Male gonopore a 
simple, somewhat transversely elongated opening in the furrow 
XI b 5/b 6, cutting slightly into b 5. Erom it protrudes a filiform 
penis, 9*5 mm. long in one and 10*5 in the other specimen, about 
0T mm. in diameter at the base, clavately enlarged toward3 the 
end to about twice the basal diameter, tapered to a conical tip 
and slightly spirally sinuous. Eemale gonopore the usual simply- 
rounded small orifice in the furrow XII b 5/6 6. Nephroporea 
conspicuously indicated by small white spots on the caudal 
margins, just mediad of the intermediate sensill», of 6 2 of 
somites VIII to XXIV inclusive, 17 pairs. Anus a small orifice 
at the base of the sucker behind XXVII. Caudal sucker much 
smaller than in D. ferox , of the general proportions of Hcemopis. 
In the eontracted state the diameter is somewhat less than 
one-half the maximum width of the body, with a rather thick, 
furrowed margin, and the venter nearly flat with a shallow central 
depression. Integument smooth, no papillse. 

Sensillce small and unelevated, but, owing to their clear white 
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colour on a dark background, very sharply defined and con- 
spieuous throughout the entire length of the body. They are 
peculiar iu that, instead of being circular dots as in Hcemopis , 
they are short lines or dashes. This forin is especially evident 
tovvards the caudal end and on the dorsal intermediate, supra- 
marginal, and marginal sensillsB, the axes of which are transverse,. 
while the dorsal paramedians are oblique. Yentral sensillae but 
little elongated. Dorsal intermediates much larger than any 
others, and dorsal paramedians tlie smallest. Dorsal marginals 
very close to supra-marginals and sometimes divided into two or 
three smaller sensillae. In ierms of percentages of the entire 
circumierence the interspaces between sensilhe on somite XV ure 
as follows: A=4*3, C=6*6, D = 3*3, E = 6*6, E=8*5,. 

Gr=6*4, and H=13’2. On the ventral surface of each annulus 
are numerous scattered seuse-organs not seen on the dorsum. 
The caudal sucker bears eight dorsal series of sensillm of three or 
four each. 

Annulation .—Except at the ends, \vhere it is obscured by con- 
traction, the annulution is very distinct, smooth, and regular.. 
Somites I to III uniannulate, no interannular furrows being 
visible. IV biannulate, with a shallow a2/a 3 furrow. V bian- 
nulate (a I, a2)>« 3, the first amnulus only siightly enlarged,. 
with a shallow furrow dorsally, uniannulate ventrallv as the 
buccul ring. VI nlso biannulnte dorsally, \vith the furrow a 1/ci 2. 
deeper than on V, but obsolete venlrally on the post-bnccal riug. 
VII triaunulate (a 1=« 2< a 3), with « 3 enlarged and exhibiting 
a faint secondary furrow; all annuli shorter on the venter. VIII 
quadrannulate (a 1>« 2=6 5 = 6 6), « 1 being enlarged and faintly 
divided on dorsum, quite simple and equal to a2 on venter- 
IX to XXIII, or fifteen annuli, quinquannulate (6 1=6 2=a 2 = 

6 5=6 6), the last two annuli slightly smaller on XXIII. XXIV 
quadrannulate, with a 3 slightly longer than a 2 dorsally, and' 
with the secondary furrow at the margins of one specimen, but 
no furrow on the other; XXV triannulate, (6 1, 6 2)>a 2<a 3* 
on the dorsum, al=a2=«3 on the venter. XXVI biannulate 
on one, imperfectly biannulate, vvith both primary furrows at tlie 
margins, on the other. XXVII uniannulate. 

Colour in life unrecorded. Alcoholic specimens have the 
doi*8um nearly uniform dark slaty-brown, tinged with olive-grcen- 
and dusky, the latter more or less concentrated in an irregular 
transverse band across each nnnulus, especially a 2, ou whieli the- 
white sensill® stand out with great clearness. Venter an obscurely 
mottled lighter grev without definite traces of green or any 
distinct markings. Marginal stripes continuous, well defined and 
clear yellow, sharply sepnrating dorsal and ventral colour-areas. 

Anatomy. —Ja\vs verv small and inconspicuous, relatively higher 
than in D.ferox , but, like those of that species, quite smooth and 
edentulous. Both speciraens were examined and no teeth found 
in either entire mounts or sections of jaws. Xo papillas^ 
Pharyngeal folds very low, practically obsolete. Stomach reaches 
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from IX to XIX inclusive, and bears in eaeli soinite t\vo pairs of 
caeca, tho one very small, the other Jarge and spacious but simple, 
with tlie somewhat bulbous end reaching almost tothe body-walls, 
but not bent caudad and overlapping as in D. ferox. In XIX the 
terminal pair of large caeca arise, nnd continue by the side of the 
intestine to XXV They are spacious, bear a lateral lobe in each 
somite and, like the rest of the stomach, thin-walled, with a 
vermiculately-folded mucous lining. Intestine begins in XX, is 
intlated but onlv obscurely chambered in the anterior part, tapers 
to the anus and is thin-walled with transverse mucous folds. 

JReproductive organs (Pl. VIII, fig. 35) resemble those of 
D. ferox , but differ especially in the well-developed ejaculatory 
bulb. They are large and verv vvell-matured in both specimens, 
notvvithstanding t.he almost total absence of a clitellum, but only 
one was dissected. First pair of testes at XIII/XIV, of large 
size and the usual form and position. Ovving to the fragility of 
the stomach the remaining testes and vasa deferentia \vere not 
exposed, the number, therefore, being undetermined. Epididymis 
very compact, ellipsoidal masses of a verv intricately folded, fine, 
dull \vhite tube, passing at its anterior end into the hard, thick- 
walled, lustrous, elongated, fusiform ejaculatory bulb, \vhich is 
disposed transversely but with both ends involuted. Its medial 
end continues as a slender ductus ejaculatorius, the left one 
passing beneath the nerve-cord, to open into the prostate cornu 
of the atrium. Atrium lies to the right of the nerve-cord, and 
occupies most of that side of somite XI, being doubled and twisted 
on itself so that the end of the prostate lies immediately behind 
ganglion X and the penis-sac opens to the exterior beliind 
ganglion XI. Penis-sac long, slender, cvlindrical and highly mus- 
cular, about fourteen times as long as thick, the diameter 
increasing slightlv before it passes into the globoid prostate, 
which bears on the sides the prostate cornua, the ends of which 
project from beneath the margin of the glandular layer. 

Ovisacs are pyriform and lie on the floor of the body on each 
side of the nerve-cord at XII/XIII. Oviducts short and slender, 
the right one passing beneath the nerve-cord to unite with the 
left in a common oviduct, which is provided with an albumin 
gland at the point. ot* union, and continues as a slender tube with 
several folds to empty into tlie end of the vagina. Vagina, like 
the atrium, a simple, transversely looped tube, but on the left side 
of the nerve-cord, slightly Jonger than the penis-sac, but only 
about one-third to one-half its diameter. There is no distinct 
division into duct and sac, and no caecum. Common oviduct and 
vngina are one continuous tube without break or external 
distinction, the part of the vagina correspondiug to the sac being 
merely a slight fusiform enlargement. 

The muscle-bands of this specieo are much more delicate than 
those of D. ferox , and on the venter may be counted through the 
translucent integument, there being nine in H, three or four in 
G, and four in P. 
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Geographical Distrihution and Bionomics .—Known only from 
two speciiuens labelled “ Kodaikanal, Palni Hills, S. India, Aug.. 
1922, 6850 ft., S . Kemp. Under stones at edge of sw&mp.” 

Apparently the species is amphibious, and probably feeds 
indifferently on snialler iuvertebrates and the blood of vertebrates. 
The one dissected had the stomacb partly filled with coagulated^ 
blood. (See also Appendix, p. 296.) 


Genus HIRUDO, Linnaeus. 

Synonymy : 

Ilirudo, Linnaeus, 1758, p. 649 (in part). 

Sanguisuya , Savigny, 1820 (22), p. 114. 

Sanguisuga , Moquii)“Tftiidon, 1826, p. 114. 

latrobdella y Blainville, 1827, p. 254. 

Hirudo , Moauin-Tandon, 1846, p. 326 (in part). 

Hirudo , Whitman, 1886, p. 364. 

Hirudo, Blanchard, 1894, p. 39. 

Hirudo , Oka, 1910, p. 181. 

Diagnosis. —Size medium to large. Colour-pattern usually 
longitudinally striped, but occasionally spotted or solid. Eyes 
five pairs, well-developed. Sensillae four dorsal and three ventral 
pairs, typieally conspicuous, but in the Indian species small and 
obscure. Somites IX to XXIII or XXIV (fifteen or sixteen), 
quinquannulate and complete. Male and female gonopores very 
constantlv at XI and XII b 5/6 6. Clitellum X 6 5 to XIII a 2. 
No copulatory glauds or pores. Jaws prominent, but variable in 
length. Typically the salivary glauds all open on the dentigerous 
ridges, and papillaB are entirely wanting. Teeth typically strictlv 
monostichodont, acute, conical and from 40 to 100 on each jaw. 
{H. birmanica has traces of distichodonty at the central ends of 
the series, and on some specimens a few small salivary papillae.) 
One pair of large, but little lobed gastric caeca in eacii somite from 
X to XIX inclusive, the last pair reaching c.audad to about XXV. 
Atrium typically pyriform, with the penis-sac not greatly elongated, 
but in the two Indian species much longer than usual. Ejacu- 
latory bulb well-devoloped. Vaginal sac fusiform, without ciecum, 
varying much in relative length and diameter, the vaginal duct and 
the common oviduct always continuous with its outer and inner 
end respectively. 

Type -species, H. medicinalis , Linnaeus, 1758. Europe (for 
figures see Moquin-Tandon, 1846, and Harding, 1910). 

Tvvo reeognized Indian species, as follows :— 

A. Colour uniform ; no metameric features; 

XXV triannulate. .. .. Hirudo asiatica, p. 190. 

AA. Colonr-pattern longitudinally striped, 
with metameric spots and constric- 

tions; XXV usually quadrannulate. Hirudo birmanica , p. 192. 
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34. Hirudo asiatica Blanchard. (Plate VIII, fig. 25.) 

Synonymy : 

Aulostomum gulo ( A . nigri&cens ), Aitchinson, 1889, p. 105. Tirphul, 
Afghanistan border. 

Hcemopis asiatica Blanchard, 1894, p. 115. Same. 

Hirudo asiatica Blanchard, 1896, pp. 320-322, fig. 4 (annulation of 
caudal end). Same. 

JDiagnosis. —Size similar to H. birmanica, bufc more slender than 
that species and \vith relatively larger sucker. Colour uniform 
dark olive or bro\vn \vitkout markings. SensillaB obscure. Com- 
plete quiquannulate somites fifteen or sixteen, IX-XXIII or 
XXIA 7 XXV triannulate. Jaws prominent but short, teeth 
monostichodont, about 50, no salivary papillm. Stomach as in 
H. birmanica and reproductive organs differing little from that 
species. Attacks frogs. 

Tvpe in British Museum. Type-locality : Afghanistan. 

Description. —A suiall species of the typical aspect of Hirudo , 
but with the caudal sucker rather larger than in other small 
species. Blanchard’s largest specimen (in alcohol) measured 
40 mm. long. Mine has a Jength of 37 mm.; to male pore, 7 mm.; 
width at buccal ring, 1*3 mm.; afc male pore, 4mm. ; maximum 
width (XVIII), 4-8 mm.; diameter of candal sucker, 3*6 mm.; 
depth at male pore, 2*2 mm.; depth at somite XVIII, 3 mm. 

Form rather slender, with the greatest width just caudad ©f the 
middle and reaching to the caudal fourtJi, little tapered caudallv, 
mucli more so toward the moderately small head ; little depressed, 
most so near caudal end, nearly terete in pre-cliteJlar region. 

Cephalic suclcer of moderate size in contraetion, tip broad with 
marginal furrows, but \vitk no distinct median ventral fissure. 
Buccal ring formed by somite V (annuli 6 and 7) and in part by 
IV a 3. Eyes conspicuous, arranged as usual on annuli 2, 3, 4, 
6 and 9 (somites II to VI). No externally visible clitellum. 
Male and female gonopores at XI b 5/5 6 and XII 5 5/5 6 respec- 
tively, in the furrow or slightly on 5 5, bofch small, tbe male on a 
slightly elevated area. Sensillse indiscernible. Nephropores dis- 
tinctly on the caudal margin of 5 2 from VIII to XXIV 
inclusive, seventeen pairs. Caudal sucker somewhat larger than 
usual in species of Hirudo , fcwo-thirds width of body in partial 
extension, circular, flat, smooth, freely pedicellate. Anus at base 
of sucker, behind somifce XXVII, small. 

Annulation well-defined, except on somites I, II and III, which 
are each uniannulate. IV biannulate (a 1, a 2)>a 3; V biannu- 
late (a 1, «2)>a3, united ventrally and with IV a 3 to form the 
buccal ring. VI triannuJate (ci l<a2<a 3), tbe firsfc fcwo united 
ventrally as the post-buccal ring. VII also triannulate, but a 3 
enlarged and with faint furrow 5 5/5 6 limited to dorsum. VIII 
quadrannulate ( a l>a 2=5 5=5 6), a 1 being larger than VII a 3 
and exhibiting a rather deeper secondary furrow. IX-XXIII are 
quinquannulate, each of five approximately equal annuli, making 
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fifteen complete somites. XXIV is quadrannulate, but might 
with almost equal propriety be interpreted as quinquannulate. 
Blanchard uuequivocally figures ifc as the former. In my speci- 
mens the formula is &1=6 2 = «2<«3 (65 + 6 6); a3 is only 
slightly larger than tbe otlier annuli, but the furrow 6 5/6 6 is so 
elearly defiued all round that it may fairly be considered to be 
divided into the two aunuli b o and 6 6 . XXV is triannulate 
(al>a 2=a 3 or a 1 =« 2=a3). XXVI is biannulate and XXVII 
similar but reduced in size, the exact constitution of the annuli 
being uncertain in t.he absence of definite criteria. No definite 
papill® and no sensillaecan be detected. 

The colour is stated by Blanchard to be a uniform dark olive 
without spots or stripes. The Indian Museum specimens are of a 
perfectly uuiform dark golden-browu, probably due to the action 
of reageuts and eutirely lacking in any trace of pattern. 

Anatomy .—The larger of the two specimens was dissected 
(Pl. VIII, fig. 25). Jaws smaller than usual in Hirudo , relatively 
high in proportion to the length, with strongly marked dentigerous 
ridge and entirely without salivary papillss. Denticles mono- 
sticliodont, according to Blancliard, fifty-two; in this specimen 
most of them are broken, but apparently the number is only 
slightly less. Pharynx reaches to IX. Stomach of the Hirudo 
type and partly filled vvith blood; begins in IX, in which and in 
X and XI there are three pairs of small caeca. In each post- 
genital somite from XIII to XVIII there is a pair of large, short, 
vvide, little-lobulute cseca, and, alteruating with these and covered 
by them, a much smaller posterior pair. In XIX the first pair of 
caeca are much enlarged and confcinue by the side of the intestine 
to somite XXV, bearing slight lateral lobes in each segment. 
The intestine begins in XXI with a small globoid “gastric” 
chamber, and continues as a thin-walled tube, slightlv chambered 
by constrictions at the septa, bufc without definite cacca to XXIII, 
bevond which it becomes thicker-walled, and without further 
sarculation tapers to the anus. 

The reproductive organs , if normal, show several peculiar 
characters. Testes, ten pairs, in the extreme caudal end of 
soraites XIII to XXII inclusive, each extending somewhat into 
the next succeeding somite, small, especially the last, and globular. 
Vas deferens as usual. Epididymis a small, compact, globoid 
mass formed of a tortuously folded tube, oeeupying XI 6 6 and 
XII b 1, its total diameter scarcely equal to that of the penis- 
sac. Ejaculatorv bulb subfusiform, the largest end posterior in 
-contact with the epididymis, tapering and strongly hooked tovvard 
the cephalic end just caudad of ganglion XI, where ifc passes infco 
the ductus ejaculatorius; its total length, if straightened ont, 
aboufc one and one-half times the diameter of the epididymis, 
aud its maximuui diameter about two-fifths of its length. Ducti 
ejaculatorii slender, slightly tortuous tubes, the left passing 
directly to the extreme end of the atrium, the right beneath the 
nerve-cord to open into the atrium about tvvice its diameter from 
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the end. The atrium lies to the left of the nerve-cord and is- 
remarkable in tbat it lacks altogether any prostate enlargement 
or investiture of prostate glands, but this may be abnormal for the 
species. It is throughout cylindrical, of uniform diameter and 
firm, muscular texture ; unusually long and slender for a Hirudo, 
being about thirteen or fourteen times as long as thick, tapering 
slightly to a rounded end. Prom the point at vvhich it emerges 
from the ventral muscles just caudad of ganglion XI it reaches to 
the end of XII, behind the opening of the vagina, and bends back 
on itself in a sigmoid dorsal limb which reaches to the anterior- 
end of XI and is one and one-half times the length of the ventral 
limb. Female organs also on left of nerve-cord, much smaller 
than the male, the total length of the vagina being less than one- 
half of the atrium. Ovisacs small, about diameter of a nerve- 
ganglion, globoid, situated serially with the testes on each side 
of the nerve-cord ventral to the stomach at XII/XIII. Paired 
oviducts short, scarcely exceeding diameter of ovisac, the right 
passing beneath the nerve-cord and meeting the left in a large, 
irregular albumin gland. Oommon oviduct short and liot clearly 
delimited from the vaginal sac, on the cephalic face of which it 
lies and ioto the tapering end of which it opens. Vaginal sac 
fusiform, its length about four times its diameter, which is one- 
half that of the penis-sac. Vaginal duct tubular, slightly bulbous- 
at external opening, or same colour and texture as sac and about 
one-half its diameter, and slightly longer. 

Geographicnl Distribution and Bionomics .—Little is known of 
this species. Blanchard’s account is based upon six specimens 
in tlie British Museum taken in fresh water near Tirphul,. 
Afghanistan, on the Persian boundary. The Indian Museum 
collection includes two specimens believed to represent this species 
taken at Anwarganj, Cawnpore District, United Provinces 
(No. 4911, Sept. 3, 1911, J. W C.). Aichinson (1889, p. 105), 
who collected the types, remarks as follows: “ At Puza-gish I 
found the frogs suffering from leeches attached to them; this 
leech, Mr. Geoffrey Bell tells me, is the common one of our own 
lakes, Aidostomum gulo (A. nigrescens ), aud that the presence of 
this species in Lake Baikal has been already signalized by 
Grube, but he does not know that it has been reported to attacL 
itself to frogs.” 

35. Hirudo birmanica (Blanchard). (Plate VIII, fig. 26.) 

Synonymy : 

Hamopis birmanica pianchard, 1894, pp. 115-117, Lower Burma r 
not Hcemopis birmanica, Kaburaki, 1921, pp. 712,713 (= D. ferox). 

Hirudo nipponica fuscolineata Moore, 1924, pp. 373, 374, pl. xxi, 
figs. 27, 28 (exterior). Madras Prov. (immature). 

Diagnosis. —In life, extended, 2| inches long, slender and 
small-headed. Colour olive or olive-brown with seven dusky or* 
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brown dorsal stri|)es, tbe outer (supra-marginal) of \vluch includes 
darker quadrate spots on 6 6 and 61 of every complete annulus; 
a broad, clear yellow marginal and a dusky submarginal stripe. 
Ceplialie sucker small and eaudal sucker of medium size. Eye s 
arranged as usual, but small. Sensillae very small and incon- 
spicuous. Somite XX V usually quadrannulate, sometimes trian- 
nulate. Jaws short and high, usually without papilfre, occasionnlly 
\uth a fe\v small ones, bearing 43-59 conical teetb. Atriurn 
10 to 15 times as longas diaineter; ejaculatory bulb Jarge; vagina 
of length corresponding to atrium: oviduct, vaginal sac and 
vaginal duct passing gradually into each other. 

Free-living and sanguivorous. 

Type in Genoa Museum. Type-locality : Karenni Mts., Lovver 
Burma. 

Description .—Form as in H. nipponica , a rather slender, small- 
headed leech, which in life probably does not exceed a length, 
extended, of three inches and when contracted of one inch. A 
moderately extended example measures as follows: length, 
36 inm.; length from end of lip to male pore, 7*5 mm.; buccal 
width, 15 mm.; width at male pore, 4*7mm.; maximum vvidth 
(clitellum), 5*3 mm.; at middle of length, 5 mm.; diameter of 
sucker, 3*6 min.; depth at male pore, 2*5 mm.; at middle, 
3*5 inm. Otliers vary in length and width from 9x2mm. to 
46x11*5 mm. The form may be eitber subcylindroid, slightly 
depressed subfusiform, or strongly depressed with ovate-lanceolate 
oufrline, but invariably the preclitelJar region is relatively tapering 
and slender. 

Cephalic region small and narrow, approaching D. ferox. The 
ii P very small and short, smooth, rounded and without expanded 
margins, constituted of somites I-IV, whieh are faintly separated. 
Except for the dorsal oral angle there is no permanent ventral 
fissure, but in contract-ion the lip is folded into a pair o£ lobes 
with a cleft between. The margins of IV a 1 often form a pair 
of small triangular lateral buccal lobes projecting into the oral 
chamber Buceal ring composed of IV a 3 and all of V Eyes 
five pairs, all small, disposed in the usual arch on somites II to 
VI, tlie last three clearJy on the sensory zones of their somites, 
the first three on contiguous annuli, the fourth separated by one 
annulus and the fifth by two. Those of the first two pairs look 
fonvnrd, the third forward and laterad, the fourth caudad and 
laternd, and the fifth caudad. 

Clitellum zonary, but thin and ill-defined, extending over fifteen 
or sixteen annuli, from X 65 or a 2 to XIII a 2 inclusive. When 
best developed this is tbe widest part of the body. Male gouo- 
pore strietly interannular, at XI 6 5/6 6, the latter annulus usually 
somewhat enlarged medinlly, the orifice varying from a minute y 
scarcely visible, hidden pore in immature leeches to a fairly con- 
spicuous, transverse slit with furro\ved lips elevated on a low f 
mound in fully mature ones. Penis rarely protruded up to 
5*5 mm., vvitb a diameter of 0*2 mm. at the base, filiform, slightly 

o 
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enlarged and truneate at tip, spirally \vavy. Pemale gonopore at 
XII 6 5/6 6, or rarely slightly within the enlnrged middle region 
of 6 6; invariably a minute round pore, often hidden in the 
furrrow. 

Nejyhrojoores seventeen pairs, on VIII to XXIV inclusive, very 
sraall and often invisible or hidden, opening on the caudal margin 
of the second annulus (6 2) slightly mediad of the intermediate 
sensillae. Anus situated caudad of XXVII, or in one case at 
XXVI/XXVII, small, with furrowed lips. Caudal sucker from 
one-balf to two-thirds of maximum width according to state of 
extension, with central pedicel and thin wide free border, flat, 
discoid; ventral face with numerous shallow, radiating furrows 
ending in slight marginal notches. 

Annulation very distinct and regular, with deep, sharp, smooth 
furrows. Surface smootb, witboufc large papillae, bufc each annulus 
bearing a transverse series of nineteen to twenty-eight dorsal, and 
as many ventral, minute, pale or white, slightly elevated sensory 
papillse. Similar sensory papillae are found on the sucker, arranged 
in concentric rows. Segmental sensillaB cannot be distinguished 
in surface views, and sections of this species have yet to be 
studied. 

Somites have the following annular composition: I, II and III 
simply uniannulate. IV uniannulate or, if the faint «2/a 3 be 
counted, biannulate. V distinctly biannulate (al, a2) slightly 
>a3 on the dorsum, but united on the venter to a single buccal 
ring. VI biannulate. VIIstrictly triannulate (a 2 < a 1 < a 3) both 
dorsally and ventrally, or occasionally al<a2<a3, a3 being in 
all cases enlarged but not subdivided ; furrow a2/a3 much > al/a2. 
VIII quadrannulate (a 1 >a2 slightly>65=66 or al>a2=65 
=6 6), al being distinctly enlarged, but, except in one case in 
which a faint secondary furrow completely encircles it, quite 
entire; in depth of furrows a2/6 5 > a 1/a 2 > 6 5/6 6. Fifteen 
somites (IX to XXIII iuclusive) complete and quinquannulate 
(6 1=6 2=a 2=6 5=6 6). While the furrows are generally of 
equal depth,in the preclitellar somites there is a marked tendency 
for the annuli to become grouped in threes (61 H-62+aI) and twos 
(65+66). XXIV is usually quadrannulate (61=62 = a2<a3), 
but a3 is subject to much variation. Most frequently and on 
nearlyall of the best-preserved and most-extended specimens it is 
about one-fifth longer than a2, either with no 6 5/6 6 furrow or 
with a very faint one of varying extent. This furrow may be 
deeper and limited to the mid-dorsal region or extend toward or 
to the margins, or even to the ventral surface, rarely completely 
encircling the annulus. When this furrow is sufficiently distinct, 
6 6 is much smaller than 6 5, and in one case in which the furrow 
is undeveloped a3 is no longer than a2. In four strongly con- 
tracted specimens fche furrow 6 5/6 6 is so deep that the somite 
would undoubtedly be interpreted as quinquannulate if no other 
specimens were availahle. XXV also is normally quadrannulate 
but in all parts much smaller than XXIV, and differs from it in 
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having the amiuli normally gronped in t\vos (6 l + 62 = a2-f «3 
or 61-f62<a2-fa3), but the furrow 61/6 2 is constantly 
shallower fclian ci2/a3 and often incomplete, in which case the 
«omite might be interpreted as triannulate, (61, 62) > a 2 = a 3. In 
some cases it is so little developed that no other inrerpretation 
is possible. Other reeorded variations are a reduction in size o£ 
a 3, \vhich eveu may be incomplete (61 + b2>a 2-far3), and 
partial unions at the tnargins or on the venter, \vhere these annuli 
are much cro\vded, between a 2 and 6 2, and betvveen a3 and 

XXVI al. XXVI biannuiate on most examples, consisting of a 
larger papillated anterior annulus and a smaller nearly smooth 
annulus, the former sometimes exhibiting traces of the furrow 
a\/a2 at one or both inargins. On immature examples XXVI is 
usually uniannulate, with a faint or incomplete a2/a 3 furrovv. 

XXVII is invariablv uniannulate, but may exhibit a faint cross- 
furrow. The only iinportant respect in which this species difFers 
from the typical annulation of Hirudo is in the better development 
of somite XXV 

Colour .—There is no authentic published description of the 
living colours, which are probably greener than the preserved 
specimens # . Ground-colour of alcoholic specimens pale yellowish- 
grey, clay-colour, olivaceous-yellow, or light brown, marked on the 
dorsum \vith a median and three pairs of dark stripes, and on the 
venter by a pair of broad submarginal dusky stripes; margins 
with a broad clenr yellovv stripe. On young specimens, up to 
about 25 mm. long and 6 mm. wide (when contracted), and rarely 
■on those of larger size, the colour-pattern is remarkably sharp, 
definite, and complete, with regular and precise metameric features. 
On such the inedian stripe is sunk deeper in the tissues than the 
paired stripes, and consequentlv appears dusky or dull brown, 
continuous for entire length, except for a slight tendeney to become 
■constricted or paler (pale spot) on 6 6 of each somite, othervvise of 
very regular width and clearly defined. Paired stripes built up of 
clear, sharp black spots aggregated and coalesced. Supramarginal 
etripes in addition are more or less dusky for their entire width 
from the presence of deep-seated, diffuse pigment, especially 
evident along the lateral border. Eull width of these stripes 
about t\vice that of the median stripe, with the following salient 
features :—Erom V to XXV usually appear on 6 6 and 6 1 clearly 
defined, transversely elongated, subquadrate black spots, leaving 
gaps on 6 2, a2 and 6 5 which are bridged by narrow, arched 
lines eonnecting the medial ends of the spots. On incomplete 
^omites at the ends of the body the metameric spots often persist, 
and are confined to those portions of the primary annuli which 


*Tennent (1861, p. 483) states that, besides the common medicinal leech, 
there is in Ceylon “a smaller tank leech of an olive-green colour, with some 
indistinct longitudinal strise on the upper surf'ace, the crenulated margin of a 
pale yellowish-green; ocelli a9 in the paddv-field leech ; length one inch at rest, 
three inches extended.” This is believed to be H. birmanica. 
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\vould form b 6 and b 1 if separated. Paramedian namnvest of 
the seven stripes, about one-half \vidth of median and more or 
less irregular, but sharply defined and constituted of a series of 
scallops or arched Jiues footiug on b 6 on more heavily pigmented 
spots reaching nearly to the median stripe, the result being that 
the pair of paramedian stripes together form a broad-linlted chain 
enclosing tlie median sfcripe. Intermediate stripes begin at the 
cephalic end as a series of detached metameric spots, \vhich extend 
hoth ways from the sensory annuli, increasing in size successively 
until, at about XI, they unite into a continuous stripe, \vhich 
throughout its Jeugth exhibifcs intersegmental constrictions alter- 
nating \vith expansions attaining their maximum on a2. These- 
enlargements thus alternate \vith the supra-margiual spots, and 
usually include one or more small \vhite spots, thus having a chain- 
lilte appearance. Caudally the intermediate stripes are brolien 
into spots by gaps on b 6. Lips dusky, and caudal sucker \vith 
dusky spots derived from either the supra-marginal or the para- 
median stripes. On one example the paramedian approaches the 
intermediate instead of the median stripe, and forms on each side 
a chain-like figure, the supra-marginals with their dusky lateral 
borders forming a secoud pair of chain-stripes. EareJy the entire 
median area between the paramedian stripes becomes a deeper,, 
richer colour than the rest of tlie ground, thus forming a broad 
median field. 

On larger examples there is exhibited a breaking-up and ohscura- 
tion of this precise pattern, the median stripe alone remaining 
continuous on most speciinens, but becoming dulJ brown and 
obscure. The other stripes disintegrate by the namnving and' 
final.interruption of the connecting parts, resulting in the forma- 
tion of irregular spots in which tlie constituent metameric elements 
are usually recognizable. The extreme is reached in those indivi- 
duals in which all of the markings are very dull, obscure and 
much broken and disconnected, \vith traces only of the original 
pattern, and iu a rarer type in which the spots are clearly defined 
and deeply pigmented, but altogether irregular, forming a more or 
less reticular pattern in whicli the original stripes, \vith tlie excep- 
tion of the median, are unrecognizable. One of the latter type 
was found in \vhich the spots are so numerous, small and uni- 
formly distributed that the general naked-eye effect is of a nearly 
uniform slate-coloured dorsum. In addition to the submarginal* 
stripes, \vhich are constant, but vary in intensity and \vidth, tlie 
venter may bear a very few small, distant black spots, but is 
usually immaculate yellowish-grey or clay-colour. 

Digestive System .—Oral and buccal regions as in H. nipponica. 
Ja\vs small, but prominent, shorfc and high, the t\vo dimensions 
about equal, strongly compressed, in most cases Jacking papillse, 
hut occa8ionalJy with a fe\v small ones. Teeth rather large (about 
0-0035x0*0012 mm. at middle of series), relatively short, conical,. 
slightly curved, 43-49 (in four specimens), up to 59 in one,. 
monostichodont \vith incipient doubling (or rather halving) of the 
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larger ones at central end of series. Pharvnx reaches to end of 
soinite IX, nearly smooth internally, its longitudinal mucous folds 
very little developed. Stomacli extends from IX/X to XIX/XX, 
its cfflca only moderately developed; t\vo small pairs in X and 
XI anterior to the reproductive organs ; from XII to XVIII two 
pairs in each somite, the larger straight, limited to the somite in 
which it arises, some\vhat bulbous distally and either simple or 
bilobate, never complexly branched in any of those dissected, even 
when filled with blood; the other pair much smaller, merely 
short, wide sacculations between the bases of the larger caeca; 
terminal pair arising in XIX and extending by the sides of the 
intestine caudad to XXV, spacious but tubular and simple, with- 
out defiuite lobes. Iutestine beginning in XX, tubulur with 
iutermetameric constrictions, dividing it iuto indistinct chambers 



Fig. 49 .—Hinulo birmanica. Partial vievv of dissected reproductive organs, 
from dorsum. Atrium displaced to right, vagina to left. X5$. 
Lettering as in preceding figures. 


to XXIII, but without cseca; follovvecl by the sliort rectum 
tapering to the anus. All regions of the digestive tract, except 
the muscular pharynx, are thin-walled, with numeroiis sinall folcls 
of the mucous liniug, 

Reproductive organs (fig. 49) of the Hirudo type, but diverging 
somevvhat toward the Hcemopis tvpe in the proportion of parts. 
Testes, in the one specimen fully dissected, nine on each side from 
XIII/XIV to XXI/XXII, the first and last being smaller than 
the others, otherwise in no way peculiar. Vas deferens t-he tisual 
irregular, wiuding, gland-covered, yellowish duct on the body-floor 
laterad of the testes, and receiving their efferent duct-s, losing the 
glandular covering in the caudai part of XIII and gradually 
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tapering to a very delicate and less tortuous duct that enters the 
caudal end o£ the epididymis. Epididymis a compact, globoid 
mass in somites XJI and XIII by the side ot' the atrium and not 
much exeeeding the penis-sao in diameter, constituted o£ theclosely 
and iniricately folded sperm-duct, 'vvhich here has adiameter several 
times that ot' the vas deferens, \vithout its glands, and irregular, 
so£t and dead-\vhite or slightlv yello\vish in colour. Its anterior 
end coutinues into the abruptly enlarged and prominent, strongly 
curved, fusiform, hard and lustrous ejaculatory bulb. This lies 
chiefly transversely to tbe body-axis, and tapers medially into the 
shorl, slender ejaculatory duct, \vhich in turn enters the prostate 
cornu of the atrium on the ventro-lateral face of tho prostate 
region, close to the point where it joins the penis-sac. Atrium 
consists of a long, cylindrical, muscular penis-sac and an enlarged 
gland-covered head or prostate, the former doubied sharply on 
itself at the level of ganglion XIII and more or less folded, so that 
the internal (dorsal) limb is about t\vice the length of tlie externnl or 
ventral limb, tbus briuging the end of the prostate to the level of 
ganglion X, whereas the external end of the penis-sac lies caudad 
of ganglion XI. The penis-sac comprises anout six-sevenths of 
the atrium and is about tvvelve (10-15) times its o\vn diameter, 
nearly regularly cylindrical, of a yellovvish colourarid satiny lustre, 
and \vith a thick layer of longitudinal museles, which ofteu have 
a spiral twist and are more or less fluted or slightly ridged. 
JProstate a dull \vhitish enlargement about one-sixtli as long as tlie 
penis-sac and nearly tvvice its diameter, ovoid or subconical in 
shape, and covered with a thick layer of often lobulated prostate 
glands, near the free border of \vhich the prostate cornua emerge 
to meet the ejaculatory ducts. The prostate lies in XI and XII, 
usually concealing both ganglia and the terminal portion of the 
atrium from dorsal vie\v. 

Female organs are peculiar for their slender, elongated forin, the 
slight differentiation of the vaginal sac and the easy gradation of 
all its parts in a continuous tube. Ovisacs of the usual furm and 
size, one on each side of the nerve-cord betvveen ganglia XI and 
XII. Oviducts short and slender, disappearing together into the 
end of a large pyriform albumin gland, from which the short, 
rather stout, usualiy nearly straight oviduet. proceeds to the vagina, 
into which it gradually enlarges. Yagina consists of a long, 
slender, fusiform sac or pouch receiving the oviduct at one end 
aud emptying into the vaginal duct at the other, the latter beiug 
much longer and niuch more slender than the former. The duct 
opens to the exterior by a small bulbous bursa, and usually 
extends caudad ventral to the storaach to about ganglion XIV, at 
which point it bends sharply forvvard on ifcself at the plaee of 
union of the duct and sac, this point being marked by a slight 
annular constriction. Both male and female terminal organs are 
situafced indifferently to the right or the leffc of the nerve-cord. 
Twelve specimens of various sizes dissected all eonform closely to 
the above descriptiou, except for slight differences in pruportion, 
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due chiefly to different sfcates of maturitv and somewhat of con- 
traction. 

This speciesdiverges from the typeof Hirudo iu several respects, 
especially in the elongation of the genitalia, the tendency of some 
of the teeth to split, the larger size of the accessory gastric cseca 
and the occasional presence of small papillse on the javvs. In the 
first t\vo it approaches H&mopis, and in the last t\vo Limnatis and 
Hirudinaria. The reproductive organs liave much in coinmon 
wifch those of Dinobdella also. But the divergences from these 
genera are inuch greater than the resemblances, and its affinities 
\vifch Hirudo are undoubted. 

Geographical Distmbution and Bionomics .—Widely distributed in 
Ceylon, Mysore, Madras, Bengal, Bombay, the Punjab, TJnited 
Provinces, and in South Burma, from \vhich latter it was originallv 
described by Blanchard. It seems to affecfc especially the lo\ver 
levels of the coastal belt and the great river-valleys, especially of 
the Ganges and Indus, but also ranges into the hills. Blanchard’s 
types were taken on the Karenni Mts. at an altitude of 1200 m., 
and these collections include examples from Peradeniya, in Central 
Ceylon, at an elevation of 1500 feet; the Nilgiris Hills, in the 
centre of Madras Province, bet\veen 3000 and 6000 feet above 
sea-level; Bangalore, Mysore, at 3000 feet; and Sialkofc, in Western 
Punjab, at above 500 feet. 

It appears to be abundant, and is frequently found in rivers and 
streams, s\vamps, tanlcs or ponds, and even in \vells, not infre- 
quently associated \vith species of Hirudinaria. Ifc is recorded as 
attacking inen and buffaloes, but it doubtless extends its attacks 
to other domestic and wild aniraals. T\vo were taken from frogs. 
While engaged in railroad building in the swamp-lands bet\veen 
Sonali and Saltnari in Bihar, in the Punjab, the \vorkmen \vere 
much troubled by these leeches, vvhich \vere very abundant there. 
The stomachs of most of the specimens are empty or nearly so, 
but a few are filled with hardened blood atid one with a greenish 
coagulum. Nothing is kno\vn of its breeding habits or egg 
cocoons. (See also Appendix, p. 297.) 

Genus LIMNATIS, Moquin-Tandon. 

Synonymy : 

BdeUa , Sayigny, 1820 (1822), p. 112; not Bdella , Latreille, 1795 
(Arachnid). 

Limnatis, Moquin-Tandon, 1826, p. 122; 1846, p. 349. 

Balceobdella, Blainville, 1828, t. 57, p. 563. 

Heemopis, Moquin-Tandon, 1846, p. 317; not Hcemopis , Savigny, 
1820 (1822). 

Limnatis , Blanchard, 1894, p. 42. 

Diagnosis .—Size of Hirudo but more robust. Colour plain or 
sparsely striped, marginal stripes yellow or orange. Fifteen 
complete somites, IX to XXIII. Head hroad and caudal sucker 
equal to body-\vidth. Sensillae evident and circular. Gonopores 



200 


HIRUDIDJE. 


XI b 5/b 6 and XII b o/b 6. Eyes as iu Hirudo but smaller. Jaws 
prominent with salivnry papillae and acute monostichodont teeth, 
variable in number. Gastric caeca two pairs in eacli somite, the 
principal pair large and mucli branched. Reproductive organs as 
in Hiruclo. 

Type-species, Bdella nilotica Savigny, 1920(1822), p. 113, pl. v, 
fig. 4 (Egypt). For figures see Moquin-Tandon, 1846, pl. vi 
(colour and anatomy). 

Two species have been reported from India, as follows:— 

A. Dorsum olive or reddish, usually with 

four dark longitudinal stripes; teeth [p. 200. 

about one hundred . . Limnatis nilotica , 

AA. Uniform brown or brownish-yellow, no 
dark longitudinal stripes; teetli fewer 

than fifty . Limnatis paluda, p 201. 

36. Limnatis nilotica Savigny. 

Synonymy : 

Bdella nilotica Savigny 1820 (1822), p. 113. 

Limnatis ni/otica, Moquin-Tandon, 1826, p. 122; 1846, p. 349, pl. vi. 

Balceobdella nilotica, Blainville, 1828, t. 67, p. 863. 

Limnatis nilotica , Blanchard, 1894 6, p. 43 (full synonymy and de- 
sciiption). 

Limnatis nilotica, Annandale, 1920, p. 135 (Afghan-Baluch Desert). 

Limnatus nilotica, Kaburaki, 1920, pp. 213, 214 (Baluehistan). 

Hcemopis sanyuisuga , Kabuiahi, 192], p. 712 (Palestine). 

Limnatis nilotica, Moore, 1924, pp. 374, 376 (Palestine). 

? Limnatis turkestanica, Plotnikoff, 1907, pp. 142-144 (Turkestan 
and Persia). 

Diagnosis. —“Length 100-150 mm.; width 10-15 mm. Colour 
of dorsum reddish or greenish with four black longitudinal stripes 
which are occasionally ubsent, also occasionally with a median 
greenish or yellovvish stripe; lateral margins of body orange. 
Caudal sucker of noteworthy size. The ten pairs of gastric caeca 
lobed, and the last, as in Hiruclo , very long” ( Brandes ). Sensillse 
are conspicuous and circular. Lip broad and with a deep median 
ventral fissure reaching to the margin. Jaws bearing numerous 
and prominent papillse on vvhich the salivary glands open, aud one 
hundred or more acute fine teelh. Type-locality: Egypt. 

Geographical Distribution and Bionomics. —Widely distributed 
and abundant in a broad zone about the shores of the Mediterranean 
and eastvvard through Palestine, Syria and Persia. Eecorded by 
Annandale and Kaburaki in Afghanistan and Baluchistan. JNTo 
Indian examples were seen by me, but it is almost certain to have 
been introduced by being carried iii the air-passages of men and 
domestic animals, and ovving to the seriousness of its attaeks the 
determination of its presence is of importance. 

In the circum-Mediterranean countries this so-called “ horse- 
leech,” which has been confused with Aulastomum, is much feared. 
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It lives in the springs and \velis and enters tbe mouths of drinking 
men and other mammals, aud takes up its abode in the pharynx 
and larynx, ofteu causiug serions injury or even deatb. For a fulJ 
account of tiie species consult Blanchard, 1894 6, and Musterman, 
1908. Also see some remarks under the next species. 


37 Limnatis paluda (Tennent). (Plate V.1II, figs. 27, 28.) 

Synonymy : 

Hcemopsis paludum Tennent, 1859 (1861, p. 484). (Ceylon.) 

P Limnobdella grandis Blanchard, 1894 (1892,1893), p. 7. (Timor, 
Sumatra, and Ceylon.) 

? Limnatis turkestanica Plotuikoñ, 1907, pp. 142-144. (Turkestan 
and Persia.) 

Diayaosis .—Form and size of Hirudo medicinalis . Ceplialic and 
caudal suckers both large, tlie latter sometimes equalling or 
-exceeding tlie body-width. Colour uniform brown or brownish- 
yellow \vith broad marginal stripes of orange or yellow. VII a 1 
not subdivided ventrally; IX to XXIII inclusive, complete; 
XXIV usually quadrannulate, possibly occasionally quinquannu- 
late. Sensillae small, circular, obscure, especially on the dorsum. 
J a\vs smaller tliau in L. nilotica , bearing numerous small papillse 
and 30-47 acute monostichodout teetb; stomacb with t\vo pairs 
nf much lobulated caeca in each somite. Atrium and vagina as in 
typical Hirudo , but shorfc and remarkably small. Type-locality: 
Ceylon. 

Free-living and also parasitic in air-passages of mammals. 

Description .—General form and proporfcions of Hirudinaña 
gramdosa , and, according to Tennent, attaining the full size of 
fchat species, but all of the specimens examined by me are much 
smaller. One of the best preserved exaraples measured as folio\vs: 
lengfch, 44 mm.; buccal width, 5*5 mm.; maxiinum \vidth 
(XVIII), 8*5 mm.; maximum depfcb, 7 mm.; diameter of caudal 
sucker, 9*5 mm. A more fully extended one is 63 mm. long, 
7 mm. in maximum widfch, 5*5 mm. in maxininm depth, and 
9*5 mm. in diameter of sucker. The range in lengfch is 24 to 
66 tnm. 

Form geuerally robusfc \vith greafcesfc \vidfch in caudal third 
(except \vhen tbe clitellum is well-developed, when ifc may be 
wider), but tapering relatively little either way; little depressed, 
most so in strougly contraeted specimens \vith empty eaeca, in 
which the depth may be only one-half the width. When the caeca 
are filled it may be fc\vo-fchirds, three-fourths, or even equal fcho 
width, the cross-section being broadly elliptical \vith roimded 
margins or even nearly circular, but ahvays \vith a more or less 
evidenfc marginal ridge. 

Tliis is a broad-headed species,with the buceal width commonly 
exceeding one-half the m:\ximum \vidth. Upper lip constituted 
of somites I-IV, \vith dorsal annulation well-defiued, broadly 
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rounded, with eremilated margin, and venter with a deep median 
fissure for entire length, and usually with one or two pairs of 
shallower longitudinal furrows, but otherwise smooth. Eyes five 
pairs, arranged as usual on annuli 2, 3, 4, 6 and 9 (somites II-VI), 
but smaller than those of Limnatis nilotica , about as in typical 
Hcemopis and occasionally obscure. Buccal ring usually more or 
less inflated and rather coarsely crenulate, constituted ot' the 
second annulus (a 3) of IV and the first (a 1, a 2) of V, or all of V. 

Clitellnm seldom well developed, prominent in only one example 
iu this collection, in which it forms a thick zonary layer extending 
over fifteen annuli, X 55 to XIII a 2 inclusive. Gonopores 
strictly interannular, the male XI 5 5/5 6, the female XII 5 5/5 6. 
The male pore may be small and hidden in the furrow, but in 
mature examples is a rather conspicuous transverse elliptical 
opening, sometimes elevated on a prominent papilla rising from 
the two bounding annuli. In no case is the penis protruded* 
Eemale pore uniformly minute and usually depressed in the furrow. 
Nephropores rather small, seventeen pairs, in the usual position 
on the caudal border of 5 2, from VIII to XXIV inclusive. Anus 
usually rather large and with prominent furrowed lips. cuttiug 
into somite XXVII or entirely caudad of it. Caudal sucker large 
but not excessively so, about twice width at peristomium, and, on 
extended examples, exceeding body-width, circular vvith vvide free 
border. 

Annuli clearly defined; on strongly contracted specimens 5 1 
is often retracted and the reinaining annuli grouped in pairs, or 
5 1, 5 2 and a 2 form a group of three annnli, alternating 
vvith 5 5 and 5 6 forming a group of two, thus clearly defining 
the somites. Integument everywhere aud especially on the 
dorsum finely furrowed aud divided into more or less quadrate 
areas which are much less conspicuous and elevated than in 
Hirudinaria granulosa. Minute, scattered sensory papillae occur 
regularly on all segments of the middle region, but no constant 
number can be determined. Sensillse are not readily detected on 
tlie dorsum, but show clearly on the venter of some of the 
specimens. 

The total number of annuli is 102 or 103, dependent upon 
whether XXVII has one or two. Composition of the somites is 
as follovvs:—I, II and III are uniannulate, but quite often the 
furrovvs are scarcely discernible, especially II/III, in which case 
II and III form one broad annulus bearing the first two pairs of 
eyes. IV is very constantly biannulate, only one doubtfully uni- 
annulate case oceurring ; the first annulus is the larger, and bears 
the tliird pair of eyes on its caudal half; the second annulus 
(o 3) forms the post-oral rim, and unites ventrally with V to form 
the buccal ring, and occasionally is more elosely united to the 
latter, which then appears biannulate dorsally. V is biannulate 
on the dorsum, the first annulus being larger than the second and 
with a faint dividing furrow in its median dorsal field (ol,a2) 
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>a 3, the fourth pair o£ eves being borne on a 2 ; on the \ euter it 
is usually uniamiulate aud closely united \vith IV a 3, but rarely 
a 3 may reniuin distinct. VI is triannulate on the dorsum (usually 
a 2<a l<a 3), but a 2 may eqnal or exceed a 1 and bears the fifth 
pair of eyes ; on the venter it is biaunulate, «1 and a2 being 
united. VII is typically triannulate both dorsally and venlrally 
(a 2 < a 1 < a 3, or rarely a 1 < a 2< a 3); a 3 is distinctly enlarged, 
but in only one case sho\vs a shallovv secondary furrow 6 5/6 6 ; 
fuiTO\v al/a2 mucli more shallo\v on veriter; VIII typicallv 
quadrannulate, a 1 niuch > or rarely = a 2 slightly > 65 = 6 6; 
bufc on the venter all annuli are approxiirately equal or a 1 some- 
\vhat larger. One strongly contracted example has the furrow 
61/6 2 faintly developed, especially on the venter, but typically 
a 1 is quite entire; furrow a 2/6 5 constantly deeper tban a 1/a 2 
ond 6 5/6 6. The fifteen somites IX to XXIII, inclusive, are 
quinquannulate, the annuli and furrows of the post-clitellar 
somites being equal, except that the second (62) and fourth (65) 
project some\vhat above the surface of the others aud are paler, 
thus exhibiting a metameric prominence that renders the counting 
of the somites easy. Preclitellar and clitellar somites, lio\vever, 
exhibit gradual transition states from the incomplete auterior 
so:nites. Somite IX of well-preserved specimens has the follo\ving 
formula :—6 l = 62<a2> 6 5=6 6 and the interannular furro\vs, 
all of which are shallo\ver than the inter-somitic, have the follo\virig 
depth-relations : 61/62< 65/66<62/a2<a2/65 and on ihe 
venter 61/6 2 becomes more shallo\v nnd the annuli 61 nnd 6 2 
reduced in size. X and XI exhibit diminishing traces of the same 
characteristics. At the caudal end XXIII exhibits a sligbt reduc- 
tiou in size of 6 5 and 6 6, and in depth of the furrow 6 5/6 6, \vhich 
in one case (ZEV 4009, No. 2) proceeds to virtual suppression, 
leaving the somite quadrannulate (61 = 62 <a2 slightly <a3). 
XXIV quadrannula1e (61=62 = or<a2>a3); on the venter 6 1 
and 6 2, aml a2 and a3 sometimes unite as pairs separated by a 
deeper furro\v. XXV triaimulate (al>a2=a3 or sometimes 
al = a2=a3). XXVI biannulate (a 1, a2)>a3, or sometimes 
appearing as a simple broad annulns with faint dorsal furrovvs 
dividing it into three. XXVII variable, biannulate or uniaimu- 
late, in the foriner case the second anmdus very small and usually 
cut by or follo\ving the anus. 

Colour very simple. Tennent describes living H, paludum 
from Ceylon as a “ uniform brown without bnnds unless a rufous 
margin may be so considered. It has dark striae.” The preserved 
specimens agree with this, being nearly uniform dull bro\vn, 
reddish-brown, or faded to brownish-yellow or slaty-grey, the 
dorsum often becoming darker toward the margins and exhibiting 
narro\v lighter and darker lines due to the lengitudinal muscle- 
bands sbo\\ing tlirough the integument. The venter may be paler, 
and tbe margins invariably exhibit a broad orange or yellow 
stripe very sharply defined dorsally but less clearly ventrally. 
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Digestive System .—Jaws relatively siuall, liigh, compressed,bear- 
iug uumerous rather small papillse (0‘054 min. diam.), especially 
on the peripheral portion of the paired jaws. Teeth very small, 
acute and monostichodont, often very difficult to discern at all; 
those counted number from 30 to 47. Stomach and intestine of 
the Limnatis tvpe. Grastric caeca t\vo pairs in each somite 
beginning with X, the anterior ones small, fhe post-genital Jarge. 
When empty they appear simple and little iobed, alternatelv wide 
and narroxv, and hoth pairs reach nearly to the sides of the body. 
When distended \vith blood (Pl. VIII, fig. 28) their complexly 
lobed character appears; tlie more anterior pairs all continue to 
extend nearly straight laterad to the body-walls; farther caudad 
the \vide or anterior caeca lose their more lateral lobes and become 
sliort and compact, \vhile the lateral portions of the narro\v cseca 
bend caudad external to the succeeding pair of wide cseca and 
give rise to numerous lateral lobes. This relation continues to 
somite XVIII. The second pair of XIX, corresponding to the 
narrower and progressively elongated c®ca of preceding somites, 
are very large and extend on each side of the intestine to 
somite XXVI, bearing in each somite groups of lobes similar 
to those of both pairs of caeca combined. Intestine and rectum 
as in L . nilotica , \vith an anterior globoid, gastric enlargement in 
XX, behind which it becomes a simple tube, slightly constricted 
by the intersegmental muscular septa. 

Eeproductive organs are remarkably small, and this appears to 
be a characteristic of the species, for it is true of both the male 
and female termirial organs in eight specimens dissected. These 
were taken from April to Angust inclusive, and several, including 
the Jarge one with thickened clitellum, had well-developed testes 
containing functional spermatozoa, so that tlieir maturity is 
evident. Tbe atrium is very constantly between two and five 
millimetres long and, when least developed, scarcely rises ftbove 
the level of the nerve-cord, but when largest passes to either 
right or left immediately caudad of ganglion XI and stands 
uprighb. It is strongly clavate, hooked or tobacco-pipe-shaped, 
consisting of a narrow, cylindrical, upright stem or penis-sac, 
contributing one-half to two-tbirds of the total length, and a 
prominent and abruptly enlarged prostate of ovoid or globoid 
form which projects for\vard and is more or less hooked. From 
the antero-ventral face of the prostate arise the atrial cornua and 
ducti ejaculatorii, which are noteworthv for tlieir coarseness and 
which bend latero-ventrad and then cephalad to pass into the 
complexly coiled epididymes, which \vhen best developed form a 
pair of globoid masses about equalling the prostate in size and 
lving anterior to it near the median line or sometimes even in 
contact, in which case they cover ganglion XI. In no case can 
a distinct ejaculatory bulb be detected. Tlie vas deferens has the 
usual form and position. The testes \vere completely dissected 
in two. In one there are eight, in the other ten pairs, the last in 
each case being one-half the diameter of the others. The first 
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pair is located at XII/XIII, and tlie first t\vo pairs are iu contact 
or nearly in cont-act dorsal to the nerve-cord, the others \vell 
separated. 

Th e female organs are of similar size and lie caudad to ganglion 
XII and, similarly to the atrium, either ventral to or partly to 
the right or left, most frequently the lat.ter, of the nerve-cord. 
Yagina fusiform or cylindroid, its length equalling or slightly 
exceeding and its diameter invariably exceeding the correspondiug 
penis-sac. It is usually straight, but may be curved to\vard the 
head and at the apex usually passes gradually, in some cases 
more abruptly, into the common oviduct, vvhich takes a nearlv 
straight, or some\vbat bent course, ventrad on the cephalic face 
of the vagiua. The oviduct varies considerably both in length 
and diameter, in the former occasionally equalling the vagina, but 
usually much sliorter. At its bifurcation into the paired oviducts 
there is a more or less enlarged albumin gland, vdiich is some- 
times not npparent. The oviduct tliat passes beneath the 
nerve-cord is usually nearly twice as long as the otliei*, but never 
exceeds the diameter of the spheroidal ovisacs, \vhich are often 
compressed by tbe distended caeca and occupv the seriallv 
homologous position of the testes at XI/XII. Nephridia are 
unusually conspicuous, and their principal masses are usually 
much coinpressed cephalo-caudally. 

Geograghical Distribution, Bionomics , etc.—Tennent originally 
described this “ cattle-leecli ” from the island of Ceylon a& 
follo\vs:—“In size the cattle-leech of Ceylon is somewhat larger 
than the medicinal leech of Europe; in colour it is of a uniform 
brown \vithout bands, unless a rufous margin may be so con- 
sidered. It has dark strise. The body is somewhat rounded, 
flat \vhen s\vimming, and composed of more than ninety rings. 
The greatest dimension is a little in advance ot' the anal sucker ; 
the body thence tapers to the other extremity, which ends in an 
upper -lip projecting considerably beyond the mouth. The eyes, 
ten in number, are disposed as in the common leech. The mouth 
is oval, the biting apparatus with difficult-y seen, and the teeth 
not very' numerous.” This description agrees fully with the 
speciniens above described. 

Blanchard refers a specimen from Ceylon, in the collection of 
the Senckenberg Museum, to his Limnobdella grandis , originally 
described from Timor. The only respects in \vhich L. grandis ia 
described as differing from H. paluda is in the greater elabora- 
tion of somites of the anal region, which may be simply a question 
of individual variation, or more probably of Blauchard’s interpre- 
tation giving greater importance to incipient furrows than does 
miue, and the reputed absence of jaw papillm in the genus 
Limnobdella. Blanchard does not specifically refer to either the 
papillae or the teeth. Consequentlv it seems probable that his 
Cevlon specimen, at least, belongs to Tennent’s species. 

None of the Ceylonese leeches examined by me belong to this 
species, but there are six specimens taken in the Gujramvala 
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District in the Punjab aiul teu collected in Baiuchistan. This 
raises the (juestion ot‘ the geographical and systematic relations of 
this species and L. nilotica. Concerning the latter, the two seem 
to be ver) r clearly distiiiguished by the teeth, and among those 
studied by me there have been no iutermediates. Whether the 
individuals reported by Kaburaki aud Annandale from Balu- 
chistan, Afghanistan, and \vithin the borders of India were 
correctly identified as L. nilotica is unknown. If so, then the 
ranges of the two species must overlap. Our knowledge of their 
occurreuce in India is so meagre that any further data will be of 
much value. It seems probable that hitherto the two or three 
species of cattle-leeches have been confused by veterinarians. 
L. turJcestanica, Plotnikoff, from Turkestan and eastern Persia is 
described as having fifty teeth, and consequently as resembling 
this species rather than L. nilotica , with which all other observers 
have identified the species of that region. The matter evidently 
requires further and careful study. 

None of the labels or accompanying letters gives any informa- 
tion concerning the habits of these leeches. Most of them are 
more or less filled with blood, and fche condition of several 
indicates that they were removed from hosts. Tennent, however, 
who also may have failed to distinguish this species from Dino - 
bclella ferox , makes the following interesting comments (1861, 
pp. 484, 485):—“ There is another pest in the low country which 
is a source of considerable annoyance, and often of loss, to the 
husbandman. This is the cattle-leech which iufests the stagnant 
ponds, chiefly in the alluvial lands around the base of the 
mountain zone, whither the cattle resort by day and the wild 
animals by night, to quench their thirst and to bathe. Lurking 
amongst the rank vegetation that fringes these deep pools and 
hid by the broad leaves or concealed among the stems and roots 
covered by the water, there are quantities of these pests in wait 
to attack the am’mals on their approach to drink. Their natural 
food consists of the juices of lumbrici and other invertebrates; 
but they generally avail themselves of the opportunity afforded 
by the dipping of the muzzles of the animals in the water to 
fasten themselves on their nostrils, and by degrees to make their 
way to the deeper recesses of the nasal passages and the mucous 
membranes of the throat and gullet. As many as a dozen have 
been found attached to the epiglottis and pharynx of a bullock, 
producing such irritation and submucous effusion that death has 
eventually ensued; and so tenacious are the leeches that even 
after death they retain their hold for several hours. Even men, 
when stooping to drink at a pool, are not safe from the assault of 
the cattle-leeches. They cannot penetrate the humau skin, but 
the delicate membrane of the mucous passage3 is easily ruptured 
bv their serrated jaws. Instances have come to my knowledge 
of Europeans into whose nostrils they have gained admission and 
caused serious disturbance.” 
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Geuus HIRIFDINARIA, Whitman. 

Synonymy : 

Hirxdinarici , Wkitman, 1886, p. 373. 

Pcccifobdella , Blanchard, 1893, p. 28 (subgenus of Limnatis). 

Limnatis (6ubgenus Pcecilobdella ), Blancbard, 1897, pp. 337, 338; 
not Limnatis, Moquin-Taudon, 1826, p. 122 (as originally 
limited). 

Diagnosis. —Size medium to verylarge. Eorm generally robust, 
Avidest near middle and tapered little to the ends. Colour 
variable, green, bro\vn, or reddish, with a very precise pattern of 
black stripes and metameric spots, which becomes broken and 
«lissipated with age. Complete somites IX to XXIII=fifteen. 
Broad-headed. Eyes large, five pairs, arranged as in Hirudo. 
Gonopores separated by five or seven annuli, the male at XI 
b 5/b 6, the female at XII b 5/b 6 or XIII b 1 /b 2. Integuments 
rough and areolated or verrucose, espeeially at the ends. Sensillae 
unusually large, linear, elevated on elliptical papillae and trans- 
verse or oblique to body-axis. Ja\vs large, with nutnerous 
promiuent salivary papillae and more than one hundred acute 
monostiehodont teeth. Gastric caBca nearly as in Limnatis ; two 
pairs per somite, unequal, spacious and sometimes much lobulated. 
Atrium of Hirudo type, more or less pyriform, but differing 
much in length and proportions; ejaculatory bulb present. 
Yagina very distinctive because the sac or pouch forms a spacious 
cascum \vhich opens by a separate duct, but along with the 
common oviduct, either into the feinale bursa or into a vaginal 
stalk differing in length in the several species. Strictly sangui- 
vorous so far as known. 

Type-species, Sanguisuga javanica Wahlberg, 1856. Java. 

Key to Indian Spccies of Hirudinaria. 

A. No vagiual stalk, both duct of vaginal 
caBCum and common oviduct opening 
directly into the bursa; ejaculatory 
bulb large ; teeth very numerous, form- 
ing a long series fading iuto many very 
small ones.* (. Hirudinaria , sen. str.) 

1. Gonopores separated by seven anuuli, 

the female situated at XIII b 1 /b 2 ; 
caudal sucker equalling width of 
body; colour very showy green and 
red; teeth about 140 (115-154) 

2. Gonopores separated by five annuli, 

the female at XII b 5/b 6 ; caudal 
sucker distinctly less than (about 
two-thirds) body-widtk; colour as 
in 3, but tending more to brown, 
often green on veuter; teeth about 
150(140-166). 


[p. 210. 

Hirudmaria javanica, 


[p. 218. 

Hirudinaria maniliensis, 
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AA. Vaginal stalk well developed, equalling 
or exceeding in length tlie vaginal 
csecum, tlie duct of whicli it receives 
at its summit along with tlie common 
oyiduct; ejaculatory bulb small; teetli 
less numerous, the series lacking the 
large number of very small ones. (Sub- 
genus Poecilobdella , Blanchard, 1893.) 

3. Gonopores, caudal sucker and colour 

as in 2, except that there is less 
brown on dorsum and the venter is 
rarely green; vuginal stalk approxi- 
mntely equal in length to both duct 

aud sac of csecum; teeth about 1C0 [p. 226. 

(86-128). .. .. .. Hirudmaria granulosa, 

4. Like 3 externallv, except that the 

colour is a brighter green and the 
pattern disintegrates much earlier 
iu life; vaginal stalk approximately 
twice length of caecum,and penis-sac 

correspondingly elongated; teeth [p. 239. 

about 100 (90-106) Hirudinaria vindis, 

Some explanation of the nomenclature adopted in the preceding^ 
table seems necessary. Hitherto there have been recognized as 
belonging to this group only the two species, H. javanica and 
H. granulosa , which Blanchard and his follo\vers have referred 
to the subgenus Pcecilobdella of Limnatis, makiug H. granulosa 
the type. VVhit-man long ago (1886) made the first the type of 
his genus Hirudinaria, and the soundness of that vievv has been 
supported by the present writer (1901, 1924). No one has 
questioned the specific distinctness or the homogeneit.y of 
H. javanica, and H. granulosa has generally been considered an 
inclusive species embracing in its synonymy all of the many 
related nominal species that have been described from the con- 
tinent of Asia and the Indo-Malayan and neighbouring islands. 
So long as attention was confined to external characteristics only,. 
this seemed fully justified, especially as Blanchard (1897) had 
studied such of the types as still exist in European museums. 
Detailed study by the writer of the exteriors of a large and varied 
collection has failed to afford any basis for further specific analysis, 
and appeared to confirm Blanchard’s conclusion. 

Dissection of the reproductive organs, however, makes it very 
clear that the Indian Limnatis granulosa (Savigny) is a composite 
of three species, and that all of them are sharply distinguished 
from the true Limnatis by the cajcate form of the vagina and 
other minor charaeteristics which they possess in common with 
H. javanica. In all, more than nine hundred specimens were 
studied, and of nearly every lot one or more representatives were 
dissected, in the case of the larger lots a selection of several of 
different ages being made. Thus a total of one hundred and 
eight dissections of the reproductiva organs were made. These fall 
into the three specific tvpes as follows : fifty-eight H. granulosa, 
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forty H. manillensis , and ten H. viriclis, as here understood. The 
results were perfectly consisteut. Except in a very fe\v young 
individuals \vith quite undeveloped reproduetive organs, there is 
never the slightest doubt as to which group they belong. There 
are no internaediates, and in every case in \vhich several of the 
same lot \vere dissected all are of the same type, irrespective of 
the stage of inaturity. As sho\vn in the Key, these fall into two 
groups, correlated \vith other characters and corresponding to 
the t\vo subgenera, Hirudinaria in the strict sense, and 
Pcecilobdella. 

While a careful study of the external morphology and varia- 
tions of preserved material affords no basis for diagnostic 
separation, it does indicate the probability of statistical separa- 
tion correlated \vith the differences in internal anatomy. There 
is every probability of a differential coefficient of variability of 
certain features of annnlation and colour-pattern. It is also 
probable, if careful comparison of living or freslilv preserved 
material prepared according to a uniform standard \vere made, 
that constant external differences would be detected, now that 
the lines of specific cleavage are known. 

When the lots came to be plotted geographically, it was found 
that their distribution corresponded with remarkable fidelity with 
the t\vo principal species, H. manillensis being a coast\vise and 
loxvland species, and H. granulosa an interior species of somewhat 
higher altitudes. H. viridis is represented by only four lots, and 
consequently has no significance in this respect. 

There can be no doubt, therefore, that we have to do \vith 
three related species sharply differentiated internally but nearly 
or quite indistinguishable externally. But the selection of the 
correct names to apply to two of these is much more difficult. 
There is no reason \vhatever to believe that any existing names 
apply to H. vbñdis , \vhich quite certainly is a new species; nor 
is there any reasonable doubt that the lowland species of India is 
specifically identical \vith H. manillensis ; nor that most, if not all, 
of the names subsequently proposed apply to this same coastwise 
species. The real question concerns the application of Savigny’s 
Hiimdo granxdosa. Unfortunately there appear to be no existent 
types, but Blanchard examined some specimens from the type- 
locality of Pondicherry. He gives no description of the anatomy 
of these, and up till now I have been unable to secure any 
examples of the medicinal leech of Pondicherry. I have, however, 
examined five lots from Madras State belonging to the Indian 
Muaeum and the Madras Museum, one of them being from the 
city of Madras, ahout one hundred miles from Pondicherry. 
These \vere expected to belong to the lowland species, but without 
exception, proved to be the upland form. The very region from 
which Savigny’s types came is the one point at \vhich the upland 
form approaches the coast. This, taken with the fact that leeches 
were brought from the interior to the coast tovns for medicinal 
purposes, makes the chances at least equal that Savigny had 

p 
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specimens of the upland species in hand. Consequently. in the 
absence of direcfc evidence to the contrary, his name is applied to 
the latter. Should the weight of evidence in the future turn the 
other \vay, this name will displace H . manillensis , and a new name 
will need to be furnished for the inlaud species*. 

38. Hirudinaria javanica (Wahlberg). (Plate III, fig. 1; VIII, 
figs. 29, 30.) 

Synonymy : 

Sanguisuga javanica Wahlberg, 1856, pp. 233-234. (Java.) 
Hirudinaria javanica, Whitman, 1886, pp.373-376, pl. xx, fig. 66 
(caudal annulation), xxi, fig. 60 (jaw). 

Limnatis ( Pceci/obdella) javanica , Blanchard, 1897, pp. 349-361, 
text-fig. 7. (Burma.) 

Hirudinariajavanica, Brandes, in Leuckart, 1901, pp. 880-881. 
Limnatis javanica, Kaburaki, 1921, pp. 711, 712. 

Hirudinaria javanica, Moore, 1924, p. 377, pl. xix, figs. 10, 
(exterior). (Assam.) 

Diagnosis. —Attaining a very large size, up to 175 mm. or more, 
in life. Form relatively more slender and flattened than in other 



Fig. 50.— Hirudinaria javanica. Outline of male atrium with epididymes 
displaced, from right side. X b, t terrainal bursa. Other lettering 
as in preceding figures. ° 


species of the genus. Oolour in life exceptionally striking, the 
dorsum being olive-green varying to grass-green or olive-brown, 
with generic pattern of dark stripes and metameric spots, the 
margins yello\v or orange and the venter, with the exception of 
the suckers, which are bluish, bright brick-red or occasionally 
green. Gonopores normally separated by seven annuli, the male 


* Since this was written, through the kindnes3 of Mr. 0. O. A. Monro 
I have been able to examine seven lots of Hirudinaria from Madras State 
in the collection of the Britisb Museum. Of these, two lots (No. 37, Oochin, 
and No. ?, Nilgiris) belong to the upland species, and five lots (Nos. 38 and ?’ 
Madras Dist., Nos. 41 and 42, Mysore Dist., and No. 62, Ohingleput) to the 
coastwise species. It is obvious that tbis finding increases the possibility that 
Savigny’s types belonged to the latter and that the inland species is without a 
proper name. 
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nt XI b 5/6 6, the female at XIII b 1/6 2. Sensillae unusually 
large and prominent, elongated and oblique or transverse to the 
axis of the body. Integument areolated, especially toward the 
ends. Caudal sueker very large, often equal to the maximum 
body-widtb. Jaws very large, bearing numerous large salivary 
papillse and usually many more than one hundred (about 140) 
acute teeth. Atrium very short, with relatively wide penis-sac; 
vagina also sliort, without stalk, the caecum and common oviduct 
opening together into the bursa. Type-locality, Samarang, Java. 



Fig. 51.— Himdinciria javanica. Female organs from right side. 

Lettering as in preceding figures. 

Description .— Size up to very large, living specimens reported 
from Java by Dr. Sluiter reaching a length of 175 mm. Probably 
it reaches au even larger size in India, as a preserved specimen in 
the Indian Museum collection has the follovving measurements : 
length, 170 mm.; length from tip ot’ lip to male pore, 38 mm.; 
width at buccal ring, 8*2 mm.; vvidth at male pore, 13’5 mm.; 
maximum width (XVII), 19 mm.; depth at male pore, 8*5 
mm,; depth at XVII, 11 mm.; diameter of caudal sucker (much 
contracted), 12 mm. Generally much smaller than tliis, averaging 
below the average of H. granulosa . The smallest are about 20 X 
2 mm., aud one of average size measures as follows: leugth, 
61 mm.; length to male pore, 12*2 mm.; buccal width, 4 mm.; 
\vidth at male pore, 4*8 mm.; maximum width (XVIII), 6*2 mm.; 
depth at buccal ring, 4 mm.; at male pore, 3*2 mm.; at XVIII, 
4*5 mm.; diameter ot' caudal sucker, 6 inm. 

Form generally less robust and more elongated, more slender 
and flattened than related species ; greatest vvidth not far caudad 
of middle, from which it tapers but little and nearly equally both 
ways. Buccal and pharyngeal region subterete, the remainder of 
the body depressed, with rather sharp margins when einpty; 
deep and rounded when filled with blood. Small individuals are 
nearly uniform in xvidth and more depressed than the larger 
ones. Many individuals bear a striking general resemblance to 
Hoemadipsa. 

Cephalic region broad, with large lip and spacious oral cliamber, 
but without a distinet unsegmented margin; the lip in nearly 
every case projeeting as a triangular point, its dorsal face rough 
and areolated, ventrally with a deep, narrow, median fissure ex- 
tending from its anterior margin to the triangular sinus in the 



212 


HIEUDID^. 


velum anterior to tlie median dorsal jaw, and on each side of this 
usually tliree shnllow longitudiual furrows ending in the marginal 
notches o£ the first three intersegmental furrows. Eves five pairs, 
large and conspicuous. especially the first pair, arranged as usual 
in an arch on annuli 2, 3, 4, 6 and 9 (sensory zones or annuli o£ 
somites II to VI), the first two directed mainly forwards,the third 
latero-caudad, the fourth chiefly and the fifth entirely caudad. 
The first belong to the paramedian, the others to the intermediate 
series. Buccal ring formed of somite V, the a2/a3 furrow of 
which usualiy extends on to the venter, becoming obsolete only 
in the median field. Post-buccal formed of VI a 1 and a2, which 
unite ventrallv much as do the two annuli of V. 

Clitellum not indicated externally in even the largest and most 
mature of these specimens, but internally, among and within the 
longitudinal muscles, and extending over the usual annuli (Xi5- 
XIII a2), is a thick and loose layer of glands, a diffuse extension 
of which partly covers and conceals the atrium. Gonopores 
separated typically by seven annuli, the male in the usual family 
position at XI b 5/b 6, the female in the furrovv XIII b\/b2. In 
one specimen the female pore is shifted forward to XII/XIII, 
only six annuli caudad of the male pore, and in another the male 
pore is at XI a2/6 5 and the female at XIII 6 2/a2, nine full 
annuli consequently intervening. Among minor variations either 
gonopore may open slightly within the borders of either the pre- 
ceding or the succeeding annulus, in one case the female pore 
being advanced halfway across b 1. Usually both pores are small, 
the male rounded, the female slit-like,' but in some cases the rnale 
pore is larger and occupied by a flat disk. Nephropores seven- 
teen pairs, on VIII to XXIII inclusive, the first on VIII a 1, the 
others on b 2 slighfcly anterior to the furrow, usually conspicuous 
and open. Anus at base of sucker, behind or cutting into last 
annulus of XXVII, margins deeply furrowed. Caudal sucker 
large, much exposed caudally, slightly wider than Jong, reaching 
forward to the anterior part of XXIII and often exceeding the 
body in width. Margins thin, and peduncle rather narrovv. 
Dorsal surface rough, divided into small quadrate or polygonal 
areas each usually rising as a warfc-like elevation, and bearing 
eight dorsal series of three to six sensillas and a few of the ventral 
series. Ventral surfaee with rather irregular radiating ribs, about 
forty in number. 

Annuli clearly differentiated throughout by deep, well-marked 
furrows and divided by longitudinal wrinkles into irregularly 
quadrate areas, each bearing a small papilla and sense-organ. On 
raiddle somites these number from twenty to twenty-four on the 
dorsal and as mauy on the ventral surface. An average example 
of their distribution in the inter-sensillar fields of a mid-body 
segment is as follows: A-l, B-4, C-2, D-l, E-l, E-2, G-1 and 
H-5, which, added to the fourteen bearing the sensillas, raakes a 
total of forty-two. In one specimen the number is doubled in 
each case. Commonly, but not invariably, a faint tertiary furrow 
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extends transversely across each annulus, dividing these areas into 
auterior and posterior halves. The result is a tessellated surfac^ 
resembliug that of Hirudinaria granulosa and Hcemadipsci but less 
rough. Tliere is, hovvever, niuch individual variation in the 
degree of rouglmess. 

Sensillce are exceptionally well developed in this species, and 
\vhile they differ but little in arrangement from the plan typical 
of the family, their large size and pecuiiar form render them un- 
usually favourable for study, inasmuch as they cannot be confused 
with the non-metameru? sensory papillee which occur on every 
annulus. Except on a few of the cephalic somites the sensillae 
proper are sliort, raised, white lines, elevated on low, rounded, 
elliptical, smooth and greyish papillae. These are so large on the 
dorsum that, with the exception of the paramedian field, the spaces 



Fig. 52 .—Hirudinaria javanica. Oaudal end showing annulation and sensillae. 

Modified from Whitinan. X 9. 

separating thein do not much exceed their length. The para- 
medians are inclined to the median axis of the body at an angle of 
about 30°, the intermediates at about 45°, and the supramarginals 
and inarginals are directed nearly transversely. 

'throughout the greater part of the length, from VI to XXIV 
inclusive, tliere is a full set of four pairs of dorsal and three pairs 
of ventral sensillae, but on somites I to IV and XXV to XXVII 
tho dorsal only are apparent. The presence of ventral sensillse on 
V is uncertain and variable. Somite I bears very small para- 
median and intermediate sensillse; II, in addition to the para- 
median eyes, has intermediate and supra-marginal sensillae; IV 
and V have marginal sensillae in addition to those on III. At the 
caudal end XXV and XXVI bear the fuli dorsal set of four pairs, 
and XXVII usually the paramedian and intermediate only, but 
not infrequently one or both of the others. As Whitman states, 
the caudal sucker is unusually richly supplied with sensillae, which 
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are disposed in correspondence with the irregular rings of areas 
representing the somites. In the paramedian and intermediate 
series occasional specimens possess the full nuraber of seven, but 
six, ñve, or four are more frequeut; the number diminisbes laterad 
and ventrad, the raarginals being seldom more than three and the 
ventrals only one or two. Yentral sensill® on the body are much 
smaller than the dorsal, not elevated on papillse, aud the linear 
form is less evident, but they remain conspicuous. 

Somites are annulated as folloxvs:—I is the preocular lobe 
bearing labial sense-organs. II is uniannulate and bears the first 
pair ot large, forvvardly-looking eyes belonging to the paramedian 
series and t\vo or three small papillae. III is uniannulate, and 
bears the second pair ot eyes, the paramediati and supra-marginal 
sensillse ar.d about twelve small sensory papillae. These three 
somites are frequently only obscurely separated. IV biannulate, 
(a 1 «2) sliglitly >a3, each annulus bearing about eighteen clearly 
defined and rather prominent papillae, and the first in addition the 
third pair of eyes and the paramedian and supra-marginal sensillae, 
while 3 ends in a pair of small lateral buccal lobes and partly 
unites with V V biannulate dorsally, with the sensillse and fourth 
pair of eyes on the caudal part of the first annulus, and a full set 
of papillae on each annulus. The furrow graduallv fades out and 
disappears in the middle ventral field, \vhere the two series of 
papillae unite into one on the buccal riñg; sometimes with a faint 
al/a2 furro\v in the middle dorsal field. VI triannulate (a 1 = a 2 
slightly <a3), a 1 and a 2 united on venter as post-buccal ring, 
the furrow extending well down the sides. Vifth pair of eyes and 
a full set of both dorsal and ventral sensillae of typical form on a 2. 
YII triannulate, similar to VI, but the furrovs equally developed 
all round and a 3 distinctlv larger and on some specimens \vith a 
supplementary row of papillae on the venter close to the anterior 
border and occasionally separated from the principal series by a 
faint furrow. VIII quadrannulate (a 1 > a 2 > or=6 5 = 6 6), a 1 
occasionally sliowing faint trace of secondary furro\v on dorsum 
or even on venter, where there is frequently a supplementary row 
of papillse; first pair of nephropores on a 1. IX to XXIII quin- 
quannulate, approximately 61 = 62 = a 2=65=66 onall but IX, 
on which 61 and 6 2 are slightly smaller. XXIV is quadrannulate, 
with usually 6I = 62=a2=a3, but sometimes a2>a 3, and 
more frequently «3 exhibits a faint secondary furrow separating 
two rows of papillse; seventeenth pair of nephropores on 62. 
XXV triannulate (a 1 much > a 2=a 3 or more rarely=or < than 
a 3); al may present the same conditions as XXIV a3. XXVI 
biannulate (al, a2) much>a3); the first may be twice as large 
as the second, and bears the sensillae on its caudal half, sometimes 
showing a faint furrow anterior to them. The furrow a2/a 3 
often fades out at the margins. XXVII is usually biannulate, 
similar to but smaller than XXVI, but may be reduced to a single 
annulus. Anus sometimes followed by one or two su.all annuli, 
or more frequently it divides the last one. 
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Colour ,—The colour of living specimens from the north coast 
of Java is thus ilescribed by Dr. Sluiter as quoted bv Wliitman 
(’86, pp. 374, 375):— 

“ Ground-colour of the dorsal side dull olive-green, sometimes 
inclining more to grass-green, at other times more to broxvnish 
shades. In the median line of this side there is a series of elon- 
gated black spots, from t\venty to twenty-five in number, \vhich 
never blend into a continuous stripe. Toxvard the head these 
spots are smaller and often rnore ronnded, whiie in the middle 
and posterior region the}* are rnore elongated, stretching over 
three annuli. This series of blaek spots lies in a broad stripe of a 
lighter colour than the ground-colour, \vhich is nnrrowed at each 
of the intervals let’t betvveen the black spots. On each side of 
this broad stripe are two narrovv, longitudinal yellovvish stripes, 
each of wkieh is bounded by t\vo narrovv black borders. Tliese 
lateral stripes are interrupted from point to poinb, so that they 
do not form unbroken stripes. The entire dorsal surface is flecked 
with black, and these fiecks are more numerous and larger along 
the yellovv margins. The dorsal side of the margin is a clear 
yellovv, while the ventral side is reddish-yellovv. Often the yellow r 
margins are very regularly dotted with black, a single dot 
occurring on each ring. A few irregular larger black flecks are 
also seen scattered along these margins. 

“ The ground-colour of the ventral side is brick-red ; just inside 
the yellow margins ot' this side are two broad stripes of tlie same 
dull green as the ground-colour of the dorsal surface; these stripes 
are sharply defined against the brick-red middle zone by an adinix- 
ture of black flecks, vvhich for the most part biend together. The 
two 8uetorial surfaces are hluish-grey, the oral surface being a 
little lighter than the posterior sucker. The oral surface has a 
pale margin, \vhich is not seeu in the acetabuluin.” 

A colour variety difFers as follovvs :—“ The dorsal surface is less 
variegated in colour, vvithout the lateral stripes, and darker green. 
The black flechs and stripes are the same. The ventral surface is 
nofc brick-red, but of the same green colour as the dorsal side, 
without the black flecks. The dark stripes inside the yellow 
margins are broader and have a larger admixture of blnck. Large 
and small individuals of both varieties \vere found.” 

On preserved specimens the brightgreens and reds of the living 
animals have been losfc and the ground-colours are duil and faded, 
but the pattern has become thereby accentuated. It is most 
sharply defined on the sinaller individuals up to about 70 mm. 
long. These liave the dorsal ground drab-grey or dark clay-colour 
or distincfcly yellow, or, on one, rich sienna-bro\vn, \vith the median 
dark-brown broken stripe consistiug of a series of dashes or 
strenks from about somite VIII to XXV or XXVI, each streak on 
complete somites extending over the three annuli (6 2, a 2 and b 5), 
but sometimes more restricted toward the ends of the body. 
The \vidth o£ this stripe varies considerably, being, on some 
specimens, a mere line, on others, quite broad (nearly the \vidth 
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between paramedian sensillae), oecasionalJy continuous, and rarely 
absent. The gaps in the median stripe are bridged by sharply 
defined dark-bro\vn paramediau spots ou b 6 and b 1: that is, inter- 
segmentally. Wheii best developed the effect is of a chain having 
alternately longer segmenfcal and shorter intersegmeutal links. 
The supra-marginal spofcs are subquadrate or sometimes nearly 
crescentic, and occur regularly on the second ( b2 ) and fourth 
(b o) annuli of each somite. On some specimens they are united 
by a narrow dark line arching across a 2 mediad of the marginal 
sensillss, and more rarely there is a small supplementary spot on 
b 1. On the incomplete somites at the caudal end these spots 
occupy the caudal half of a 1 and the cephalic half of a 3. Two 
pairs of narrow, clear yellowish stripes, one in the outer para- 
median field and the other, includiug the intermediate sensillae, 
are bordered on each side by a narrow wavy black or dark brown 
line, so that there are four of the latter on each side betvveen the 
median stripe and the supra-marginal spots. Occasionally these 
appear as two pairs of chain-like stripes. On some specimens the 
annuli6 2and 6 5, especially of posterior somites, are disfcinctly 
darker, and give the effect, with the paler contrasting sensory 
annulus included befcween them, of a cross-barred pattern. The 
caudal sucker is often darkly-blotched, and bas four or three pairs 
of radiating paler lines. Venter plain dull yellow or orange, 
invariably clear and unspotted, with broad sharply-defined, dusky 
or black, submarginal stripes; niarginal stripes clear yellow, 
narrovv and very sharply defined. 

With increase in size of the leeches the ground-colour becomes 
brovvner and offcen inore speckled with minute flecks of black, the 
paired pale stripes tend to become obscure and their black margins 
•rnuch interrupted and broken. In the largest specimens only 
traces of these remain, but the supra-marginal spots and the 
median stripe are invariably well preserved. 

Digestive system generally like that of Limnatis, but somewhat 
approaching the hsemopine type. Jaws very large, high and 
-prominent, with strongly convex, compressed, dentinal margin, 
and a projecting angle at the central end of the base; the body 
thicker than the narrowly compressed supporting foot. Salivary 
papillse large (0*12 mm. diam.), fungiform, arranged in about 
three or four longitudiual rows of four to six each. Teeth 115 to 
154, straight, conical, radial, the largest (0*035 min. long) afc the 
central end and gradually diminishing in length peripherally until 
they disappear. Buccal sinus spacious, with deep recesses into 
which the jaws are retracted. 

Pharynx shorfc and broadly ellipsoidal or fusiform, extending 
through VIII and part of IX. Mucous lining raised into six low, 
rather broad and flat ridges meeting in pairs anteriorly to form 
three which pass into the javv pedicels; separated from the very 
short, thin-walled oesophagus by an annular fold or valve. 
Stomach extending from IX to XIX, very thin-walled, saccate 
rather than caecate, the constrictions at the septa being slight, 
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and each pouch or chamber divided laterally into short, broad, 
8imple lobes. The second pair ot' XIX prolonged as a pair ot' 
loug, spucious, simple tubular cseca \vhich extend into somite 
XXV and lack lateral sacculations. Intestine a perfectly simple 
straight tube vvithout lateral pouches. The conditions described 
appear in examples in \vhich the stomach is nearly empty and in 
others fully distended vvith blood, except that in the latter the 
caeca are longer and more distinct. 

Organs of reproduction (figs. 50, 51) of quite distinctive form and 
equally \vell developed in those with full and empty caeca. Testes, 
in the one specimen in which they were fully dissected, 12 pairs, 
in the usual position at the extreme caudal end of somites XIII 
to XXIV, globoid and rather small, those in XVII and XVIII 
especially so in the one dissected. Vas deferens a smoother duct, 
much less covered \vith a glandnlar investment than usual, 
becoming very slender as it approaches the epididymis, which it 
usually enters at about the middle and from the lateral side. 
Epididyrais varyiug from a small knot consisting of a few coils of 
the tube to a more complex but. unfolded mass t\vo or three times 
as large, and usually lying dorso-caudad of the ejaculatory duct. 
Instead of being crowded to the body-floor by the distended gastric 
coeca as in most leeches, they are widely separated and crowded 
laterad, and often rise on each side of the stomach to a position 
rnore dorsal than usual. The position of the epididymes causes 
the enlarged, fusiform bulbs of the ducti ejaculatorii to flare 
\videly in a semi-erect posture, the anterior end reaching forward 
to ganglion XI and giving rise to a short, narrovv duct that enters 
the ventral face of the prostate. Atrium small and usually largely 
eoueealed in a loose mass of unicellular glands, part of \vhich are 
the ventral clitellar glands. In most specimens it lies to the right 
of the nerve-cord and is bent forward in a procumbent posture 
nearly to ganglion XI. lt is not clearly differentiated into penis- 
sac aml prostate, but cousists of a short, wide stalk and bursa 
opeuing to the exterior, and a globular or ellipsoidal, prostate 
portion \vhieh receives the ejaculatory ducts on its ventral face 
near the anterior end. 

Ovisacs lie iu the usual position on the floor of the body in the 
caudal end of somite XII or at XII/XIII, on each side of the 
nerve-cord but close to the median line. Oviducts short and 
rather \vide, the left in two cases and the right in two cases 
passing heneath the nerve-cord. There is little indication of an 
enlarged albumin gland at the point of union, and the \vider 
common oviduet passes with a few flexures along the ventral face 
of the vaginal duet and opens in eommon with and anterior to it 
in a very small bursa. Vagina consists of a short wide duct 
directed forvvard on either the left or right. side of the nerve-cord, 
and a more or less massive saccular portion \vhich usually bends 
sharply caudad on the dorsal side of the stalk and may reach to 
the end of XIII. 

Geogvaphical Distrihution and Bionomics .—Originally described 
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seventy years ago from Java by Wahlberg (1856), and later 
reported from the same island by Whitman (1886). Blanchard 
(1897, p. 349) records the known distribution as Java, Borneo, 
Suinatra, Bengal and Burma. Frorn the sixty examples examined 
bv me it becomes possible to extend the range northxvard to 
Manipur, Assam, and the Mainman Distriet on the Cliinese 
frontier, where it is evidently abundant. No examples are in» 
cluded from Ceylon or Lovver Burma, and noue are known from 
the Philippines, Siam or the Malay Peninsula, though the species 
may be expected to occur at these places and throughout. ihe 
plains areas of India. The known vertical range is from sea-level 
in Java etc. to 2600 ft. in Sikmai Turail, Assam. 

Concerning tliis species as occurring in Java, Dr. Sluiter, as 
reported by Whitman (1886), vvrites as follows: “Both varieties 
are very abundant in the Sawaks (rice-fields) around Batavia and 
elsewhere on the north coast of Java. The Malayan name is 
Lintah. Both varieties are used for medical purposes. ,, In India 
it is reported most freguently from cattle tanks, buffalo wallo\vs 
and siinilar places, and lives largely at the edge of the vvater, 
which it sometiines leaves. As many of these pools dry up during 
the dry season, this leech, like others under like conditions, 
probably spends a period of semi-dormancy deep in the dried mud. 
It. attacks domestic animals and Man, wliose skin is easily cut by 
its powerful serrated jaws. There is no evidence that this species 
enters the nares or mouth of its victims, and it is not reported as 
used in India for blood-letting, although it is probable that it 
would not be rejected. The egg-capsules are unknown, and 
nothing relating to its breeding liabits has been reported. 


39. Hirudinaña manillensis (Lesson). (Plate III, fig. 2.) 
Synonymy : 

Hirudo manillensis Lesson, 1842, p. 8. (Philippine Islands.) 

Hii'udo sanguisorba Tennent, 1859 (1861, pp. 483, 484), text-fig. 
(Ceylon.) 

Hirudo multistriata Schmarda, 1861, p. 3, text-fig. (of jaw) and 
Taf. xvi, fig. 14 (coloured). (Ceylon.) 

Hirudo luzonice Kinberg, 1866, p. 356. (Manila.) 

Hii'udo mamlosa Grube, 1868, pp. 39, 40, Taf. iv, fig. 6 (exterior 
and colour-pattern). (Singapore.) 

Hii'udo maculata Baird, 1869, p. 315. (Siam.) 

Limnatis ( Poecilobdella ) granulosa (Savigny), Blanchard, 1893, p. 28. 
Limnatis (Vcecilobdella) granulosa (Savigny), Blanchard, 1897, 
pp. 338 -349, text-figs. 3-0 (annulation and colour-patterns). 
(Throughout India, China, Siani, Malay Islands, Philippines, 
Celebes, etc., and introduced in West Indies etc. =H. granulosa 
et manillensis ). 

Limnatis macvlosa (Gruhe) et granulosa (Savigny) (in part), Brandes, 
in Leuckart, 1901, pp. 878-879. 

Limnatis aramUosa (Savigny), Robertson, 1909, pp. 676-679. 
(Habits in Ceylon.) 



HIIIUDINARIA. 


219 


Hii'udo boyntoni Wharton, 1913, p. 369-371. (Philippine Islands.) 

Hinido boyntoni Wharton, Bojnton, 1913, pp. 509-521. (Carrier of 
riuderpest.) 

Limnatis maculosa (Grube), De Qual, 1917, p. 9. (Siom.) 

Ltmnatis ( Poecilobdelia) granxdosa (Savigny), Kabur«ki, 1921, 
pp. 673-675. 

Limnatis granulosa (Savigny), Kaburaki, 1921, p. 711 (in part). 

Limnatis ( Poccilobdella) manillemis (Lesson), Moore, 1924, p. 376. 
(Philippines, Javn, Ceylon, Siam and Southern India.) 

Diagnosis •—In general resembling Hirudinaria javanica inter- 
nally and H. granulosa externally. Size, form, annulation, 
flculpture, colour and colour-pattern, and other external ebarac- 
terisiics like B. granulosa ; the ground-colour more inclined to 
bro\vn dorsally and more to green venfrally than in that species, 
the black pattern earlier and more coinpletely disintegrated. Jaws 
all alike \vith prominent papilloe of two sizes. Teeth very 
numerous, about 150, about half of them very small and the 
series tapering to tbe vanishing point. Male reproductive organs 
with very large epididymes in a simple mass, and very large 
fusiform ejaculatory bulbs; atrium short, pyriform, completely 
covered with a layer of loose glands. Eemale organs vvithout 
stalk, the common oviduct and the vaginal duct opening together 
directly into the female bursa. 

Tvpe-locality, Luzon, Philippine Tslands. 

Description. —A large, robusfc species, exceeding H. javanica in 
bulk if not in length, but probably not equalling tbe maximum 
size of H. granulosa. One of the largest examples in a state of 
moderate contraction measures : length, 103 mm.; length to male 
pore, 21 mm.; \vidth at buccal ring, 9*5 mm.; at male pore, 14*5 
mm.; inaximum width (middle), 25 inm.; depth at buccal ring, 
8 inm.; at lnale pore, 8 nun. ; at middle, 10 inm,; caudnl sucker, 
14 mm. Tliis specimen is relatively broader and flatter than usual, 
the depth commonly being about t\vo-tliirds widtli. A smaller and 
better preserved specimen has the corresponding measurements : 
66, 16, 5*5, 6*3, 8*6, 3*5, 3*3, 3*6 and 6*ox6 mm. respectively. 
The largest specimen in the collection, an extended one taken 
near Caleutta, ineasures 180 X 17*5 min. 

Form as in H. granulosa , robust, broad-headed, circular in 
buccnl region, broadly elliptical elsewhere with sides broadly 
rounded, little depressed; elongate-ovate with width nearly equal 
for tiie middle third, at least, but usually greatesfc at about XYII. 
Lip very broad and rouuded, in all respects as in H. granulosa. 
Eyes, buecal region, clitelluui, gonopores, nephropores, sensillae 
and anus also as in tbat species. Gonopores very eonstantly in 
the furrow of b 5/b 6, bufc occasionally slightly witliin b 6. Xephro- 
pores in line \vith or a little laterad of ventral intermediate 
6ensillae. 

Quadrate areas usually exceptionally strongly marked, about 
twenty-t\vo to twenty-four on cach surface, distributed in the 
inter-sensillnr ñelds nbout as follo\vs : A-l, B-4, C-2, D-l, E-2, 
F-2, G-3 and H5. Each o£ tliese bears afc its centre a larger 
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sense-organ surrounded by from forty to forty-five smaller ones, 
which tend to be concentrated centrally and scattered peripherally, 
like bullet lioles in a successful target. Anterior to IX the larger 
non-metair.eric sense-organs only appear in surface views as a 
single transverse row, the aggregated arrangement becoming 
evident on X, IX being transitional. There is much variation 
arnong different specimens and lots in the prominenee and rough- 
ness of the quadrate areas. Sometiraes they are flat and nearly 
level, with the sense-organs flusii with the surface or even 
retracted into minute pits; again they are rounded like pebbles, a 
condition frequently noted at the ends of the body; and in other 
cases they are elevated into somewhat conieal prominences on 
which the sense-organs stand out roughly as conieal papillse. 
The latter condition appears to be not onlv due to a physiological 
response, but to be progressive with age, the large and old speci- 
mens becoming very rough and the sensory papillae so prominent 
as. to have gaiued for such individuals tlie name of “ hairy 
leeches. n 

Sensillce have the same form as in H. javanua, but are not quite 
so large. They are conspicuous throughout except on the seg- 
ments of the head-region, where they are smaller and the elongated 
form less evident. Caudad oi’ the clitellum each consists of a 
low, rounded, elliptical, translucent and colourless papilla bearing 
on tlie axis a raised, opaque white line. These are inclined 
cephalo-mediad with the median line at nearly eonstant angles 
estimated as follows: dorsal paramedians about 30-35°; intei- 
mediates 45-55°; supra-marginals, marginals and submarginals 
nearly 90°, but usually varying slightly from the exact transverse ; 
ventral paramedians 0-10° or 12°, and ventral intermediates very 
small but apparently trausverse. Toward the caudal end the 
dorsal paramedians tend to becoine more nearly longitudinal and 
the intermediates more nearly transverse. 

Candal sucker relatively smaller than in H. javanica , 
with a well-defined pedicel shaped like a truncated wedge or 
flattened cone. While ofteii exactly circular it is more often 
slightly wider than long, its thin flat margin, \vhen extended, 
reaching to XXIV a 2 ; dorsum marked by seven to eiglit 
irregular rings of irregularly quadrate, more or less elevated areas, 
bearing both sensillae and nou-metameric sense-organs. Owing to 
their variability and the irregularities of the surface the exact 
nuinber of tlie latter is uncertain. They are, however, less 
numerous than in H. javanica , but, as iu that species, they are 
arranged in ten visible, radiating, slightly elevated lines repre- 
senting the eight dorsal series and the ventral submarginals. 
Traces of the other ventral series may be detected beneath the 
body. The number varies greatly, and two specimens seldom 
exhibit exactly the same arrangement. The dorsal paramediaus 
and intermediates are best developed, having usually three or four 
in a series, but rarely as many as five or even six, vvliile the 
ventral series are represented by oue or two or none. Frequently 
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every one of the seven rings representing the seven caudal somites 
bears sensillaB of at least one series. On the venter the sucker is 
8nioother, but mnrked witli a variable number (about twenty-six) 
of radiating grooves ending in marginal notches. 

Annnlation. —There appear to be no eonstant differenees 
betueen this species and H. granulosa. Both in the cletailed 
features and in range of variation the two are in close agreement. 
In the frequency with which certaiu variations oecur, kowever, 
there appeavs to be a difference. Thus elaboration of the incom- 
plete somites toward both ends of the body proceeds less far in 
H . manillensis than in H. granulosa. This is evidenced especially 
on YII a 3, VIII a 1, XXIV a 3, and XXV a 1, all of which 
have the secondary furrow more or less well developed on most 
and practically complete on some specimens of HL. granulosa , 
which conditions, while occurring on specimens of £[. manillensis , 
are far less frequent and less advanced in the latter. Similar, 
though less obvious tendencies were noted on other incomplete 
somites. Othenvise tlie description of the annulation of 
H. granulosa will serve equally well for the present species. 

Coloration. —Living colour as figured (Pl. III, fig. 2) and 
described (by Lesson, Grube, Tennent, Wharton and from notes 
on labels by Annandale and olhers), dark olive-green, varying to 
bright olive-green, or to olive-brown, yellowish-brown and brown 
on the dorsum, marked by a continuons or broken inedian dorsal 
line of black, dark brown, or green much darker than the ground- 
colour; irregular, wavy and narrow blnek lines on each side more 
or less broken or distinct, and black or dark green supra-marginal 
spots on every second (62) and fourth (65) annulus of each 
somite. Venter plumbeous, fulvous, reddish-brown, reddisb- 
orange or, according to Wharton on Philippine examples, dark 
velvety olive-green, with broad black submnrginal stripes and 
rarely with scattered black spots. Margins with anarrow, sharply 
defiued stripe of yellow or orange. The submarginal stripe is 
frequently absent, about one-third of those examined exhibiting 
no trace of it. Probably these are the individuals with venters 
green in life. 

As in other members of the genus, the black pattern is most 
complete and perfect on young leeches, and with increasing age 
and size becomes broken, dissipated, obscure and finally largely 
obsolete. This is especially true of the large, vough, brown indi- 
viduals, in which the median line and the supra-marginal spots, or 
even onlv one of these, remain visible. The original perfect pattern 
is exactlv like that of H. granulosa . All of the modifieations 
that occur in H. granulosa occur in this species also, and Blan- 
chard’s diagrams of the pigmented pattern were undoubtedly based 
upon the two species indiscriminately. There is evidence, how- 
ever, that thcy do not occur with equal frequency and there is 
little doubt that adequate biometric determinations based upon 
sufficient samples properly prepared and assorted with reference 
to size, season, locality and physiological condition would disclose 
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different coefiieients of variability. Among the quantitative differ- 
ences that appear in the tabulation of the characteristics of nearly 
nine hundred spechnens of the two species are the £ollowingj— 
ln H. manillensis the pattern breaks up earlier and more com- 
pletely ; the supra-marginai spots and the supra-marginal blaek 
lines are more ot'ten completely wanting ; the rnedian dorsal line 
is more persistent; the reinaining three dorsal black lines are 
commonly less deveioped on b 6 and b 1 and frequently disappear, 
causing these two annuli to appear as paler transverse bands; 
the submarginal black bands, while commonly broader and more 
intensely ])igmented, are, on the other hand, far more frequently 
totally absent; the dorsal ground-colour is much more dominated 
by brown and yellovv and less by green ; and the venter, on the 
eontrary, whieh appears to be rarely green in H, granulosa, is 
freauently so in H. manillensis , especially in tlie Philippine 
Islands, where this variety appears to predominate. 

Digestive System. —Oral chamber, velum and buccal sinus as in 
H. javanica. Jaws, as in that species, large, proininent, with 
strongly convex protile, but the mediau not averaging larger than 
the paired in the specimens dissected. Papillm as in H. javanica, 
but apparently somewhat less numerous (36 on oue eounted), 
usually very prominent, spheroidal, those near the dentigerous 
ridge about one-half the diameter of those lower dovvn on the jaw, 
which have a diaraeter of about 0*12 inni, Teeth as in H. javanica 
but even more numerous (140 to 166 or more), long, sharp, 
conical, the longest measuring 0*027 x0*01 mm., reduced to half 
that length at the seventeenth and ending in a long vanishing 
series of almost indeterminate number and diminishing size, in 
this respect difiering markedly from H. granulosa. Pharynx, 
stomach and intestine practically as in H. javanica , but the 
gastric ceeca apparently longer and more lobate. 

Heproductive organs (fig. 53) approaching in nearly all respectB 
very closely to those of H javanica and with that species diverging 
in several characters from H. granulosa. Testes eleven or twelve 
pairs in the usual position at XIII/XIY to XXIII/XXIY or 
XXIY/XXY Yas deferens as usual, but with a reduced glandular 
covering contiuuing almost to the epididymis, into the medial, 
postero-ventral end of which it opens. Epididymis massive, at 
maturity equalling or exceeding in size the entire atrium aud 
standing more or less erect at the sides of the latter, composed 
of an intricately and slightly folded tube in one mass not bent 
on itself Ductus ejaculatorius chiefly a very large fusiform bulb 
arising from the dorso-lateral end of the epididymis, lyiug along 
its lateral face and curving round to enter by a slender duct the 
side of the rounded prostate near its end. Atrium relatively 
small, pyriform or clavate, the short penis-sac enlarging gradually 
into the rounded ovate prostate, which is flexed sharply on it 
either cephalad or caudad. The entire orgau is coated with a 
loose layer of glands, some of which envelop the end of the 
ejaculatory bulb and others form a whorl round the external orifice. 
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Femah organs (ñg. 53, 18) almost exactly as in H. javcniica, and 
differing strikingly from botn H . granulosa and H . viridis iu 
essential features. Ovisacs as usual leading by short oviducts 
into a common oviduct \vhich at the point of union is enciosed by 
an ovate albumiu gland, beyond \vhich the \videned common 
oviduct pursues a sotnewhat tortuous course to open into the 
female bursa along \vith the vaginaT duct. Like the atrium the 
vagitia is relatively small. It consists of a wider sac aud a 
narro\ver duct of about equal length, which may be sharply 
differentiated by an abrupt change in diameter or even by a 
constriction, or tnay taper gradually into each other. The duct 
also tapers to its opening into the bursa, where it joitts the cotn- 
mon oviduct. TJsually this takes place well within the ventral 
longitudiual tnuscle-layer, so that no stalk whatever appears free 
ahove the body-floor. Occnsionally, however, the union takes 



Fig. 53. —Hirudinaria manillensis. 17. Ventro-anterioi* view of removed 
terminal male organs. X 6 . Lettering as in preceding figures. 
17 a. Right side of atrium; w, body-floor. 18. Keraale organs from the 
left side. X 6 . b, female bursa. Other lettering as before. 

place above the body-floor. These essential peculiarities were 
constant for all the specimens examined, whatever the state of 
development of the organs. 

Geographical Distribution and Binomics. —This is the common 
paddy-ñeld leech, buffalo-leech or medicinal leech of the lowlands 
of India. It has ahvays been confused with the next species, and 
may ultimately be proved to be the true H. granulosa . It occurs 
in a zone, roughly limited landward bv the 500-ft. contour-line, 
throughout the coastal provinces of India. In Bengal aud Upper 
Burma it ranges far into the interior over the broad plains of 
the lower Ganges and Brahmaputra drainage systems, vvhere it 
is very abundant. Along the Kanhai Biver, south of Darjeeling, 
it reaches to the very base of the south escarpment of the foot- 
hills, and is also found in the valley of the Kusivara River, in 
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Cachar, southern Assam^ ln both of these localities it approaches 
close to the highlands, but the collections appear to have been 
actually made below 500 ft. It is very abundant, and reaches a 
large size in the neighbourhood of Calcutta, where it is the 
common medicinal leech. In Lower Burma it is abundant about 
B-angoon, froni which place Prof. G. E. Gates has sent an excellent 
series, aud extends up the valley of' the Irrawaddv into the Amherst 
District and the South Shan States. Westward there is no 
evidence that it is found much beyond the mouth of the Indus, 
nor does its range extend far up the valley of that river, 
H . granulosa replacing it throughout North-West India and the 
Baluchistan frontier. So far as the available material indicates, 
it is the only leech of this group in Ceylon, where it is excessively 
abundant in the rice-fields, ponds and springs of the lowlands, 
but extends also into the centre of the island (Peradeniya), and 
consequently occupies the entire islaud except probably the 
highest hills. Outside of India it is very abundant in the coastal 
provinces of the Philippines and Borneo, and probably is the 
species recorded under various names from others of the Malayan 
Islands. I have also ideñtified specimens from Siam (collected 
bv Dr. H. M. Sinith) and from points on the coast of China 
(collected by Professors Gee and Ping). Whether a highland 
species occurs in these countries also is at present unknown, but 
it seems probable. 

Of course the 500-ft. contour is offered as an approximate and 
provisional division only between the ranges of the two species, 
not as a definite or determined one. H . granulosa is the dominant 
species above, H . manillensis below that elevation. The exact 
altitudes at- which collections were made are rarely stated on the 
labels for either of these species, and only approximate determina- 
tions of elevations could be made bv the use of topographic maps, 
but the agreement between distribution and speeificcharacteristics 
proved to be striking. As in the case of other species there no 
doubt will be found interdigitations, isolated islands and admix- 
tures of the tvvo species. Nor can the mere altitude be considered 
a vital factor in their distribution. This must be sought in some 
other ecological condition or conditions correlated with altitude, 
and like the exact geographical relations of the two species, can be 
worked out only by a naturalist on the ground and familiar with 
physical and biologieal conditions. 

The paddy-field or buffalo-leech inhabits the rice-fields, swamps, 
ponds, tanks, sluggish streams and springs, but seldom occurs 
where there are strong currents. They are especially abundant 
about the buffalo tanks and the drinking places of cattle, whose 
blood they suck, but there is no evidence that, like the true 
cattle-leeches, they enter the mouth or the nares. Their teeth 
are quite capable of cutting the more tender parts at least of the 
outer skin. They also attack Man when oecasion offers, and have 
been found attached to frogs, snakes and turtles. Doubtless 
they prey upon many other vertebrates, espeeially mammals. 
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Dr. Anuandale ia aa anpublished note states tbat 41 the species is 
very abundant in the swainps aud rice*ñelds in Bengal and Burma. 
It rests among weeds beneath the surface of the water, through 
which ifc undulates rapidly when disturbed. Men and animaJs 
\valkiug along the narrow.embankments vvhich separate the rice- 
fields are otten attacked by them on their ankles. ,, Major Seymour 
Sewell writes thafc once when collecting along a small freshwater 
sfcream on the coast ot* Burma “ one of these leeches most 
persisfcentiy followed me up and down the stream, although I \vas 
not actually in the water.” Major Wall (L914, 1920) refers to 
haviug fomid two heavily gorged leeehes within the mouth of a 
rat-snake, and other similar cases are recorded. Miss Robertson 
(1909, pp. 678, 679) relers to their feeding on soft-shelled “ milk >r 
turtles (Emyda vittata) in Ceylon, where tbe leech is known to the 
natives as Duja Kudella. It “ prefers to sit on the carapace 
attached by the posterior sucker and to fix its anterior sucker to 
the occiput, back of the neck or humeral angle (text-fig. 4, 
p. 678). The leech will stretch to an incredible extenfc vvhen the 
tortoise puts oufc ifcs head rather than let go.” The tortoises 
often succeed in catching and eating the leeches, gulping them 
down with some difiiculty but \vithout breaking the skin. 
Miss Robertson refers to a fact that has been observed in other 
blood-sucking leeches and which is of importance in the possible 
transmission of infective agents: namely, that they frequeutly 
feed in t\vo or more instalments ; thus a leech would attach itself 
and feed for about an hour, and then cease and move about on the 
carapace or even leave the tortoise altogether, and upon being 
replaced would take a second meal. According to Miss Robertson 
the time required to digest a meal of blood is iess than for some 
of the species of teinperate climates. Usually 2 to 6 mouths, 
according to the size of the leecb, are required, but one gorged 
\vith blood wa8 nearly empty iu 53 days. Some time may elapse 
betweeu completion of digestion and search for more food. All 
leeches captured in nature were empty, bufc nofc all would feed. 
One leech fed on December 2 fed again on February 1. 
Evidently, like other species, this one, after feeding, conceals 
itself during the process of digestion. 

There is no published information relating to the breeding of 
this species, nor have I been able to secure any reliable data. 
Probably the account given for H . granulosa \vill serve quite as 
well for this. 

Several sfcudies indicate that H . manillensis may be a factor of 
importance in the transmission of disease. Miss Roberfcson 
in her work on Ceylon Hasmatozoa fed these leeches on the blood 
of the turtle Emyda vittata infected with Trypanosoma vittatce , 
and found the Herpetomonas and Crithidial division stages per- 
sisfcing in the stomach of the leech for as long as six weeks. 
As the leeches move from host to hostess, and as fchey frequentlv 
vomit some of the ingested blood, trausmission of the parasite 
while feeding is easily possible. The parasites also orienfc them- 
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selves and s\vim against the blood-current. Miss Eobertson, 
hovvever, thinks that in this particular case H. manillensis is not 
the true intermediate host, but that that role is played by another 
leech (probably Hlacobdella emydce), a normal parasite of the 
turtle. 

More important economically is another series of ohservations 
made in the Philippines by Boynton (1913). Although these 
results require confirmation, they indicate that these leeches may 
be agents in the spread of rinderpest, whieh is by far the most 
serious epizootic disease prevalent in India (Edwards, 1924). 
These leeches, fed upon cattle striken with rinderpest, retained 
the virus in virulent condition for at least twenty-five days. 
Positive infections were secui’ed in cattle which drank water con- 
taining blood disgorged by these leeches, and this water remained 
infective for five days. The fact that cattle in early stages of 
rinderpest seek cool water and that caraboas seek water at all 
times exposes them to the leeches. There is also some evidence 
of a positive correlation between the rinderpest areas and the 
local geographical distribution of the leeches. 

There is naturally some confusion concerning the relative 
extent to which this species and H . granulosa are employed for 
medical purposes, and the general remarks made under tbe latter 
apply to this species also. While the lowland species appears to 
be employed locally in the districts where it occurs, there is 
evidence that upland leeches are preferred, and that formerly, 
if not now, they were sent to the coast cities in trade. There 
were also favoured localities for the supply of the present species 
to considerable areas. Thus Layard (1853) states that most of 
the leeches used for medicinal purposes on the island of Ceylon 
come from a bubbling spring at Toniatoo. They appear still to 
be gathered in large numbers in the s\vamps surrounding Calcutta, 
and the smaller ones sold in the markets for medical use of the 
natives. (See also Appendix, p. 297.) 


40. Hirudinaria (Pcecilobdella) granulosa (Savigny). (Plate IV, 
flg. 5.) 

Synonymy : 

Sangtiisuga granulosa Savigny, 1820 (1822), p. 115. (Pondicherry.) 
Hirudo granulosa (Savigny), Moquin-Tandon, 1846, p. 347. 
Limnatis ( Poecilobdella ) granulosa (Savigny), Blanchard, 1893, 

p. 28. 

Limnatis ( Poecilobdella ) granxdosa (Savigny), Blanchard, 1897, 
pp. 338-349, text-figui-es 3-6 (exterior morphology and colour- 
pattern of H. granulosa and manillensis). (In part.) (AVidely 
distributed throughout the interior of Hiudustan and Bunna.) 
Limnatis granulosa (Savigny), Khan, 1912, pp. 206,207. (Culture.) 
Limnatis (Pcecilobdella) gi'anulosa (Savigny), Matthal, 1920, 
pp. 341-346, text-fig. 1 aud pl. xviii (cocoon formation). ? 

Limnatis (Poecilobdella) granulosa , Kaburaki, 1921a, pp. 673-676. 
(In part.) (Chilka Lake.) Kaburaki, 19216, p. 711. 
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Limnatis ( Poecilobdella) granulosa (Savigny), Moore, 1924, 
pp. 375-377. (In part.) (Punjab.) 

Other possible synonymy is omitted because of the uncertainty 
oi: determination. 

Diagnosis .—Size large and form robust, and general external 
characteristics as in H. manillensis. Colour of dorsum varied 
shades ot‘ olive-green, often divided by one or t\vo pairs of 
yello\vish longitudinal stripes, and mnrked by a black pattern 
consisting of a median constricted or broken line, four pairs of 
narro\v wavy lines bordering the yello\v stripes, metameric 
paramedian spots on annuli 6 6 and b 1, and similar supra-marginal 
spots on annuli b 2 and 6 5. This pattern is variable and largely 
disappears with increasing size. Margins with a yellow or orange 
stripe and venter usually reddish-orange with submarginal black 
stripes. Gonopores at XI 6 5/6 6 and XII 6 5/6 6. Caudal sucker 
not exceeding two-thirds of body-width iu normal extension. 
Sensillae prominent, elliptical, and oblique. Teeth usually about 
lUO (86-128), not continued as a disappearing series. Atrium 
pyriform witii penis-sac longer than prostate, which is covered 
with a corapact layer of glands; ejaculatory bulb little enlarged. 
Feraale organs with a well-defined stalk common to the oviduct 
and vaginal caecum and approximately equal to the combined 
length of the duct and sac of the latter. Sanguivorous and 
medicinal. Type-locality, Pondicherry. 

Description .—Size reaching a maximum in life, \vheu extended, 
of 10 inches loug and ^ in. wide. Common specimens are 3-6 in. 
long and y to | in. \vide. The largest preserved speciinen in the 
collection is 190 mm. long, 19 mm. wide and 10 mm. deep. A 
\vell-preserved example in about the usual state of contraction 
but more flattened thau usual measures: length. 98 mm.; to 
male pore, 21 min.; \vidth at buccal ring, 6*5; at male pore, 
18*4; maximum \vidth (XX), 20*3 mm.; depth at buccal ring 
and male pore, 4*2; depth of flattened post-clitellar region, 
3*5 mm.; diameter of caudal sucker, 8*7 mm. This specimen 
was bred artificially for medical use and was stated by the breeder 
to be two and one-half years old. 

Form tnuch more robust than H. javanica, similar to H. manill - 
ensis, except that young examples approach the former more 
closely in being more slender, flatter and having the caudal sucker 
relatively larger. Typically theoutline is greatly elongated ovate, 
with the maximum width at the beginning of the caudal third, 
but individuals \vith the stomach completely empty have the 
maximum \vidth farther forward near the middle, with a nearly 
uniform slope to the almost equally rounded ends. Much 
elongated, empty individuals may approach a linear form with 
parallel sides, which is especiallv characteristic of the young. 
Buccal region nearly circular, the remainder broadly elliptieal 
in section, with the margins broadly rounded, whatever the 
degree of flattening. 

Q 2 
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Head very broad, the lip short and rounded, rarely exhibiting 
any tendency towards a triangular form as in H . javanica. Lip 
constituted of somites I to IY, \vhich are wrinkled and more or 
less divided into quadrate areas obscuring the annulation ; IV 
terminates at the sides in a pair of lateral buccal lobes, and the 
others in slight crenulations ; ventral surface with a median 
longitudinal fissure extending for entire length and passing into 
the median dorsal angle of mouth, and on eaeh side two or three 
shallow furrows which meet the segmental furrovvs at the sides 
of the lip. No apparent unsegmented margin. Eyes exactly as 
in H. javanica. Buccal ring formed by the union ventrally of the 
two annuli of Y united laterally with IY «3, and post-buccal' 
ring of VI a 1 and «2, the furroxvs in both cases eompletely 
disappearing on the venter. 

Clitellum occasionally indicated externally by a more yellowish 
colour and a slight hardening and swelling, the anterior and 
,posterior borders of which are obscure, and internally by a thick 
layer of yellowish glaiids amoug and vvithin the iongitudinal 
muscles and extending over fourteen to sixteen annuli, X 6 5 or 
6 6 to XIII a 2 or b 5 inclusive. Gonopores in the typical position 
at XI and XII 5 5/6 6, but frequentlv just within 6 6 or more 
rarely 6 5, and occasionally in the middle of 6 6. Male orifice a 
minute circular pore in the centre of an elliptical orlozenge-shaped 
area extending half-way across the bounding annuli; female pore a 
larger transverse slit with rugous margins. Nephropores seventeen 
pairs, often conspicuous, in the usual position on the caudal 
margin of 61 from VIII to XXIY inclusive, and exactly in line 
with the intermediate ventral sensillas. Anus usuallv a con- 
spicuous opening with furrowed lips either completely caudad 
of XXYII, dividing the last annulus into t\vo halves. or most 
frequently between the t\vo annuli of XXYII. Caudal sucker 
of moderate size, commonlv reaching to XXY a 1, rather larger 
than in Hirudo but smaller than iu H. javanicci. circular or 
broadly elliptical, thin, flat anddiscoid, the dorsal surface areolate 
or even verucculate and bearing both large sensillae and minute 
scattered sense-organs; the venter smooth and irregularly marked 
with radiating furro\vs of which about thirty are complete, with 
shorter ones between. 

Annuli sharply defined and of equal length throughout the 
middle-body region. ‘Short longitudinal furrows joining the 
annular furrows divide the surface into more or less regularly 
quadrate areas which become more irregular and often polygonal 
on the head and caudal sucker. At the middle of the body they 
number 44-52 on each annulus, aistributed as follo\vs, not 
counting those on which the sensillae are situated: A 1, B 3-4, 
C 2, D 1, E 2, F 3-4, G- 2, H 6-7. Each benrs a larger central 
non-metameric sense-organ, ahout \vhich are clustered numerous 
smaller sense-organs. The prominence of these varies greatly 
with the age, the phvsiologieal state of the specimen and the 
method of fixation. Ñormally they are prominent and the eentral* 
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portion ot' each area rises ns a roughened vvart, especially proininent 
on annuli towards the caudal end. As is true of U . manillensis 
also, soine ot‘ the large individuals are so rough and the sensory 
papillce so proininently extended tliat they have heen named 
“ hairy ” leeches. Other individuals are nearly smooth with the 
sen6ory organs completely retracted, the position o£ the large 
ones ot'teu being indicated by a pore. 

Sensillcei vvhile much larger and more prominent than in 
Hirudo or T Vhitmania, are smaller than in Ui’njudinavia javanica , 
but have the same peculiar form and inclination as in that species. 
Apparentlv their number and arrangeraent is exactly similar 
except that there are fevver on the caudal sucker. On the dorsum 
tliey appear as \vhite opaque axial lines borne on elliptical 
translucent papillae. 

Annulation (fig. 38, p. 98).—Somites I, II and III uniannulate, 
but separated by only very shallo\v and often incomplete furrows, 
\vhich are further obscured by the short longitudinal furrows; 
dorsal sensillae only occur on these somites, and the marginals also 
are lacking. On III both the sensillae and the second pair of 
eyes Jie \vell within the anterior half, andtraces of a furro\v (a2/a3) 
may appear behind them. IV biannulate, the two annuli approx- 
imately equal or the first (a 1 ci 2) slightly larger and occasionally 
\vith traces of the furrow a l/a2; rarely a2/a3 is nearly or 
quite \vanting; the t.hird pair of eves and a full set of dorsal 
sensillse on the caudal half of the first annulus, whieh terminates 
laterally in the triangular lateral bnccal lobes, lying within the 
oral chamber ; a3 extends part wav down the sides of the buccal 
ring, uniting with Y. Y biannulate dorsally (a 1 a2) larger, but 
rarely exhibiting any trace of a furrovv, bearing fonrth pair of 
eyes and sensillas on caudal half; ventrally completely united to 
form the buccal ring. VI triannulate dorsally (a 1 slightly>a 2 
much<(about f) a3), biannulate ventrally (al a 2)=a3), forming 
the post-buccal ring; tifrh pair of eyes and a full set of dorsal 
and ventral sensillae on a2; on the dorsum each annulus bears a 
transverse ro\v of non-metameric sense-organs, but as the furrow 
a )/a 2 fades on the venter, the t\vo ro\vs separated by it gradually 
approach and finally unite in the median field. YII triannulate 
both dorsally and ventrallv, al slightly>a2 much<a3 (6 5, 6 6) 
on dorsum, al = a2<a3 on venter. VIII quadrannulate, al 
(6 1, 6 2) much>a 2=6 5 = 6 6, no trace of the furrow 6 1/6 2 on 
venter. There is much variation iu the degree of development 
of the secondarv furrows on VII a 3 and VIII al. Invariably 
the former is much better developed, but in advance or recession 
the t.\vo vary together. These furrows mny he totally wanting 
though the annulus itself is invariably enlarged, or they may be 
extended to the full width of the dorsum and according to 
Hurdiug’s notes, occasionally even actoss the venter, although I 
have found such cases only on very strongly contracted individuals 
in \vhich they are largely artifacts. In anj r event such ventral 
furroxvs are not, to be coinpared \vith the ventral divisions of the 
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homologous annuli of Dinobddla ferox . IX to XXIII completo 
aud quinquannulate (61 = 6 2=a 2=6 .? =6 6) except thafc on IX 
61 and 6 2 are slightly shorter than a2. All of these possess 
the external morphological characteristics (quadrate areas bearing 
papillae \vith aggregated sense-organs on all annuli, metameric 
sensillaB, nephropores, metameric colour-markings, etc.) referred 
to elsewhere in this description, but there is the usual individual 
variafcion in the exact number of areas, the number and prominence 
of the sense-organs, and of the papillae supporting them, and 
even in the exact position, number (some of them may be sub- 
divided or united), size, and, w*ithin a range of perlmps 10°, in 
the angle of obliquity of the sensillae. XXIV quadrannulate 
(6 1 = 6 2=a2<a 3) ; a 3 invariably enlarged and with the 
secondary furrovv 6 5/6 6 variously indicated ; owing to crovvding 
by the sucker pedicel it is usually both deeper and more extended 
on the venter than on the dorsura, and may be well developed 
below when no t-race of it can be found above. XXV triannulate 
(al>«3>a2); the remarks just nmde concerning XXIV a3 
apply to XXV al also; both al and a3 have incomplete 
secondary furrovvs on the dorsum and the former usually on the 
venter, and these may be developed asymmetrically even to 
the extent of complete separation of 6 5 and 6 6 on one side. 
XXVI biannulate (al a2)=about 1£ a3, and bearing the 
sensillae on the caudal half of the firsfc annulus, the marginala 
usually being absent or united with the supra-marginals. XXVII 
uniannulate or frequently more or less completely biannulate \ 
in the latter case the first annulus much larger and bearing the 
sensillaB near the caudal border; «3 mav be incompleteJy or 
completely separated, in vvhich latter case ifc is divided into halvee 
or preceded by the anus. Caudal sucker usually shovvs its com- 
position of seven somites in the arrangement of the areas more 
or less definitely into seven (sometimes eight) irregular circles, 
on which many of the dorsal sensillae aud a few of the ventral 
sensillae may be recognized. Verv rarely is a complete set of 
dorsal sensillae present on any one annulus. but every annulus 
bears sotne of them and rarely are two specimens exactly alike. 

Colour in lifes dorsally usually olive, but varying through 
olive-green to nearly a sap-green in the one direction and through 
olive-brown to reddish-brown in the other, but evidently the 
olives predominate during life ; ventrally orange, varying either to 
the yellovvs or orange-red ; margins a sharply defined stripe of 
clear orange or yellow bounded ventrally by a broad black or 
dusky submarginal stripe and dorsally by a series ol* metameric 
black spots on 6 2 and 6 5, included in a variable supra-marginal 
black or dusky stripe. Dorsal ground-colour often divided by 
one or two pairs of metamerically more or less constricted or 
beaded stripes of olive-vellow, orange-yellovv or reddish-yellow 
margined with black, into a median and a broader lateral field r 
and the latter again into a narrow outer paramedian or inter- 
mediate and a broader supra-marginal stripe, there being in the 



HIRUDIN'ABIA. 


231 


latter case five olive, alternating with six, including the marginal, 
yellow stripes. In the raedian field there is a broken median 
black stripe and paramediau spots on 6 6 and b 1. 

On preserved specimens the greens have almost entirelv 
disappeared and the reds and yellows are much faded, leaving a 
predominantly brown, or brownish-grey or drab ground on vvhich 
the black or duskv pattern appears more or less clearlv. This 
pattern is very precise and definite on young leeches, but gradually 
becomes more obscure. variable and broken on individuals exceeding 
about two inches in length, and finally on the largest Ieeehes is 
so dissipated as small scattered spots and obscured by the papillse 
and tessellae that the pattern is scarcely recognizable. Blanchard 
(1897, p. 346) has illustrated in a series of tvvelve diagrams the 
ideal pattern and its principal modifications. According to these 
no siugle element is entirely constant, bufc the medial dorsal line, 
supra-marginal spofcs and submarginal stripes are rarely wanting. 
Blanchard’s descripfcion is based indiscriminately on both 
H. granulosa and H. manillensis , and probably \vill serve nearly 
equally well for bofch. 

The ideal dorsal pafctern (Blanchard's I), as found perfectly 
developed in young examples, consists of a narrow, median dorsal, 
black or dark brovvn line, paired paramedian quadrate spots on 
annuli b 6 and b 1, similar supra-marginal spots on b 2 and b 5 
and four pairs of narrovv black or dusky lines tracing the 
boundaries betvveen the olive and yellow stripes. The median 
line may extend from the first pair of eyes to the anus, but more 
frequently is absent or obscure on the Krst five or six and fche lasfc 
two or three somites. lt may be continuous and of equal width, 
more or less constricted intermetamerically, or more usually 
definitely interrupted on annuli b 6 and b 1, and consequeutly 
broken into a series of dashes on b 2, a 2 and b 5, or it may be 
totally vvanting, but this is unusual on small individuals. The 
supra-marginal spots are verv consfcant, bufc differ considerably in 
size, intensity, form and relafcion to the black stripes. They 
accenfcuate the whiteness of the marginal and supra-marginal 
sensill» which lie between them, and are themselves somewhat 
obscured by being ineluded in the broad, supra-marginal dusky 
stripes. In addifcion to the complete somites, on which fchey 
usually occupy fche full length of their annuli, thev are usually 
found on two or three of the incomplete somifces at the anfcerior 
(VIII, VQ, VI) and three at fche posterior end (XXIV-XXVI), 
on which fchey exfcend over exactly fche morphological equivalents 
of their undifferentiated annuli. The paramedian quadrate spofcs 
are similar and so placed on b 6 and b 1 that they bridge the gaps 
in the broken median line and alternate wifch the supra-marginal 
spots. The resulfc is that all annuli bufc the sensory (a 2) bear 
mefcameric spots. The paramedian spots are less constant than 
the supra-marginal and except in rare cases are confined to the 
complefce somites, and even may be absent from some or all of these. 
The narrow black lines are raost variable, and owing fco the concen- 
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tration of pigment in different parts they appear to have different 
connections, and mav be aligned with the other elements in 
various ways. Usuallv they seem to belong to the oiive rather 
than to the yellovv stripes, inasmuch as they are verv sharply 
defined on the yellow, but diffuse on the olive side. Thus 
regarded, the most medial (inner, paramedian) lines largely fade 
avvay on 5 6 and 5 1, but become intensified on b 2, a2 and 5 5 
of the complete somites as a series of curved lines eonnecting the 
paramedian spots on 5 1 and 5 6 and enclosing the paramedian 
sensillae and the median black line. As a eonsequence the median 
olive field may appear as a chain-like stripe vvith broad links, 
widest on the sensory annuli and coustricted intermetamerically. 
The outer black line, situated in the intermediate field, bears an 
exactly similar relation to the border of the supra-marginal ddsky 
or olive stripe, forming a series of more intensified arches on 
5 2, a 2 and 5 5 and fading with the constriction of the supra- 
marginal stripes on 5 6 and 51. The two remaining black 
lines bounding the two borders of the narrovv olive stripe 
regularly diverge in the middle of the somites and approach at 
their ends, the result being a chain-like stripe about one-third as 
wide as the median one. Both tliese and the median stripe may 
lose their olive colour and become yellow in the centre or even 
entirely yellow. When the yellovv stripes are best defined both 
pairs are regularly beaded, enlarged on 5 6 and 5 1 and constricted 
on 5 2, a2 and 5 5. The inner pair lies in the middle of the 
paramedian field and the outer pair in the intermediate line, 
including the sensillae in its narrow parts. All of these stripes 
become more or less broken and ill-defined at both ends. Dorsum 
of sucker marked with paired, irregular dark blotches and pale 
radial lines, indicating the position of the sensill». The venter 
is usually immaculate, but may bear a few small black spots, and 
the submarginal stripes may be solid black, blackish-olive, lead- 
colour or dusky with small black spots, or occasionally they may 
be entirely absent. 

Hardiug has the following excellent manuscript note on 
the variations in colour-pattern of this species (including 
H . manillensis). Describing the black lines bordering the two 
pairs of yellow stripes as two pairs of chains, he writes : “ The 
iour black dorsal chains are subject to several elegant varieties 
of form. The black spots, median line and dorsal chains may 
be absent or inconspicuous in certain individuals, but they are 
never all absent at the same time. Individuals seem to occur 
which, in life, are devoid of orange dorsal stripes, and in which 
the black dorsal pattern is superimposed upon a uniform dark 
green or brown ground-colour.” 

Digestive tract similar to that of H. javanica , but differing in 
several respects (fig. 38, p. 98). Jaws similarly formed and of 
large size, the median frequently larger or at least more 
prominent, shorter and raore strongly convex than the others. 
Salivary papillas numerous (more than forty on each side), nrranged 
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in irregular ro\vs over tbe entire sides of tbe jaxvs ; low, rounded, 
of two sizes, most ot‘ them being about 0*1 mm. in diameter, 
those near the deutigerous ridge smaller, about *06 miu. in 
diameter. Teeth stouter, shorter, blunter cones (0*03 x 0*01 mm.) 
and more widely separated than in H. javanica and H. manillensis. 
The number is also less, the median jaws bearing from 103 to 128 
and the paired from 86 to 113 on examples of ordinary size, the 
loug series of very small teeth of H. manillensis being absent in 
this species. Pharynx as iu H. javanica, but the six longitudinal 
folds not unitiug in pairs at the anterior end. Principal gastric 
caeca in each somite more extended than in H. javanica , reaching 
slightly into the succeeding somite, somewhat curved or bent 
caudad and usually provided with three lateral lobes better 
developed than in that species. Accessory caeca litt-le developed, 
being mere sacculations. Large posterior pair of caeca arising in 
XIX and reaching to XXVI, slender, with a small lat.eral lobe 
iu each somite correspouding to the principal caecum ot' complete 
somites. lntestine slightly sacculated, in XX to XXIII. 

Reproductive Organs (figs. 38, 54, 55, 56).—Testes normally 

twelve pairs, XIII/XIV to XXIV/XXV inclusive. Vas deferens 

as usual, but iu some individuals, at least, the glandular layer 

continues forvvard nearly to the epididymis. Epididymis in 

mature worms usually equalling or cxceeding in size the entire 

atrium, consisting of au intricately folded tube of irregular 

diameter, and folded on itself in a U-shaped pattern vvith the 

open end forward, the vas deferens opening into the anterior end 

of the ventral liinb, and the ductus ej;iculatorius leaving the 

anterior end of the dorsal limb. Ductus ejaculatorius, vvhile 

somewhat eularged and having its vvalls muscularly thickened, 

lacks a definite ejaeulatory bulb, even in fully mature and 

sexuallv active individuals. Atrium somevvhat smaller than 
¥ 

vagina but approximating it in size, roughly retort-shaped, the 
large ovoid prostate bent sharply forward on the cylindrical 
penis-sac, vvhich somewhat exceeds it in leugth but is ouly one- 
third or one-fourth its diameter, and may be straight or folded. 
Prost-ate covered with a thick glandular layer vvhieh is solid and 
not of difEuse, open texture, as in H. manillensis. Ovisacs 
generally of large size, ovoidal or ellipsoidal, with short, slender 
ducts that enter a prominent, solid, ovoidal or pyriform albumin 
gland and unite to form a short, wide, somevvhat folded common 
oviduct, joining the vagiua at about the middle of its length. 
Yagina divided into a stalk and a csecum (fig. 56) distinguished 
by the point of entrance of the common oviduct, the stalk 
beiug coramon to botli oviduct and vagina. lncluding the external 
bursa the stalk is approximately equal in length to the caecuin, 
but in cases iu which the latter is much enlarged may be as 
little as two-thirds its length, or, in others, and espeeially in 
young individuals, may exceed it somewhat. These ratios in 
length remain nearly constant in a large nuraber of examples of 
all sizes and conditions of maturity, but the diameter of the 
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Fig. 54 .—Hirudinaria granulosa. Antero-doraal view of removed atrium. 
X 6. Lettering as in preceding figures. Tbe bursa is sbown as thougb 
straightened out. 



Fig. 55 .—Himdinaria granulosa. Atriuui of a smaller specimen as seen from 
the right. X 6. 



Fig. 56.— Hirudinaria granulosa. Dorsal view of female organs, removed, the 
bursa turned to show in profile. X 6. va.s., vaginal etalk ; v.c., vaginal 
ceecum. Other lettering as before. 
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saccular portion ot’ the vagina increases at maturity. The stalk 
is muscular and cylindrical and of smaller diameter than the 
vagiual duct. Typically the vnginal csecum is divided into an 
iutlated thiu-walled sac or pouch and a cylindrical, thieker-walled 
duct of about equal lengfch and one-half t-he diameter, but in 
some individuals the sac inay be more inflated and even so 
encroach upon tlie duct tiiat the latter nearly or quite disappears 
as a sharplv detined region. Both male and female organs may 
pass to either the right or the left of the nerve-cord. 

Geograpliical Distribution and Binomics .—The distribution of 
this species \vithin India, as shown by the large number of 
specimens in the collection of the Indian Museum, is fairly clear. 
It is the coinmon medicinal leech of the interior districts of most 
of India, inhabiting especially the upper plains of the great river 
valleys of the Indus t Ganges, Irrauaddy and to a more limired 
extent the Brahinaputra. In the lower parts of these same 
valleys, and especially in the broad reaches of the Brahmaputra 
plains of Burma and in a \vide coastal zone extending throughout 
Cevlon, Hindustan and Burma, the evidence indicates that it is 
replaced by Hirudinaria manillensis . The only province in which 
it approaches the coast is Madras, in which it appears to be the 
dominant species, not only in the interior but near both the easfc 
coast and the west, the collection including examples from the 
City of Madras and from the Karduwan River and at Etaknre, 
both of the latter points being in Malabar at an elevation of 
about 100 ffc.* The species is especially abundant in the Punjab, 
along the Baluchistan border, in Rajpufcana oufcside of the Indian 
JDesert, in Agra, Oudh, Sind and the Central Provinces. It occurs 
also at Almahabad in Bombay, in Kashmir, Nepal and Assam, in 
Nortli and East Burma, and ifl the Amhersfc District of Lo\ver 
Burma and at raany other interior localifcies. Nevertheless it is 
not a mountain species, the only considerable altifcude recorded, 
10,000 ffc. at Muth in Nepal, probably being a mistake for Muttra 
in N.W Agra at about 1000 ft., \vhere it is common or, as Sir A. 
Sbipley kindly suggests, for Muth in the Punjab. Rafcher it 
is characteristic of the higher plains and foot-hills betvveen about 
500 and 2000 ft. above sea-level. Ifc appears only rarely below 
500 ffc., and there are only three specitic records above 2000 ft. r 
namely on the Wardha River in Berar, Central Provinces, at 
2400 ft. in the Sirala Hills in Eastern Punjab, and at 4450 ft. 
in Kumaon, W. Himalayas. In Assam it is recorded from north 
of fche Naga Hills and in Lo\ver Burma from the west slopes of 
the Dawna Hills. The species does not occur among a large 
number of paddy-field leeches froin Ceylon, Rangoon and the 
region about Calcutfca. (See Appendix, p. 297.) 

Throughout this range it occurs in marshes, svvamps, ponds, 
fcanks, difcches and fche smaller sfcreams, bufc seldom in rivers. 


* See, hovvever, footnote, p. 210. 
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Wliereas collectors of the lowland leeches frequently uiention 
theiu as attacking cattle and buffaloes, this is nofc the case wifch 
the present species. On the other hand, its afctacks on Man are 
more offcen rei'erred to. To workmen engaged in buildiug roads 
or similar wot*k in swamps ifc is sometimes very troublesorne. 
The bite of the wild leeches is said fco be quite irritafcing, for 
\vhich re'ason they are not favoured for medicinal use. In the 
collections this species and Hirudo birmanica are very commonly 
associated, and the collectors do not discriminate between them. 

Wbile the practioe of blood-letting bv means of leeches is very 
ancient and formerly was very extensive among the natives of 
India, there are no government or trade statistics that give a 
deffnite idea of its extent. Lt.-Col. J. L. G-raham, writing from 
Simla on behalf of the Director-General of the Indian Medical 
Service, states: u The use of leeches in medical practice has 
largely disappeared among European doctors and from the 
hospitals of the British and Indian Army. The old regulation 
requiring the senior wiard sweeper to make provision for a supplv 
w’as abolished in 1902. On the other haud, Mr. Prashad and 
others write thafc among the nafcive hakims and doctors, leeches 
are still widely employed to avoid the use of the surgeon’s ltnife. 
Watt (‘Dictionary of the Economic Products of.India’) states: u At 
the present time [1890] the leeches employed in Bengal are 
chieffy caught. iu tanks in the neighborhood of Baraset [Barisat], 
by persons \vho collect thein by entering fche water and allowing 
the leeches to catch hold o£ their legs. They are chiefly gathered 
in May as the tanks begin to dry up. But the besfc leeches are 
said to be obtained from the North-Western Provinces, chiefly 
from Shekojibad [TJnited Provinces of Agra and Oudh]. Large 
uumbers are, however, also caugbfc at Patiala in the Punjab.’’ 
The first-mentioned locality is within the range of H. manillensis , 
the secoud and third of H. granulosa . Manv of the lecches thus 
collected are kept in confinemenfc and domesticated before being 
employed medicinally, the irritating effects of the saliva heing 
thereby mitigated. Mr. D. V, Mamtora writes that a considerable 
industry in the domestication of leeches exists in the neighbour- 
hood of Ahmadabad, Bombay, and Kahn(1912) describes rather 
fully the cultural methods employed in Bara Banki, United 
Provinces. Specimens of the domesticated leeches from the latter 
two localities prove to be typical examples of the upland species. 
Erom the above and similar restimony ifc is evident that, with tbe 
cxception of the neighbourhood of Calcutfca, where H. manillensis 
is largely used, the favored medicinal leech of Indian comraerce is 
H. granulosa . Eveu in the time of Sushruta the inland leeches 
were preferred. 

The cultural methods have been long in vogue, modern praetice 
being founded on that indicated by Sushruta. In a letter 
Mr. Kahn summarizes the account given in his published paper. 
Breeding leeches for medicinal purposes is the sole means of 
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liveliliood of a certain class of people (Chohra). Breeding begins 
in April or May just bet’ore the rains. A fe\v selected adults are 
placed in a new earthern \vater-pot with some moistened black 
clay. The pot is covered with cloth and clay, and put away in a 
part of the house free from disturbanee, for it is believed that the 
leeches will not breed if disturbed. To gain the same end, breeders 
in some places bury the pots in the ground. After a few \veeks 
the cocoons or egg-cases are formed. These are at first soft and 
white, but in t\vo or three days become firm, and in the best 
practice are removed then and placed in small cups of the same 
clay and replaeed in the jar. This is repeated until the eocoon 
formation ceases. The cups are changed frequently and the 
whole kept moistened for about a fortnight, \vhen the cocoons 
8howing active young are broken open bv the breeder and the 
young released. Tlie young are placed in fresh \vater changed 
morning and evening. They grow rapidly, and when sufficiently 
large and disposed to feed, \vhich is indicated by their attacks on 
a hand placed in the water, they are removed and alloued to take 
a light meal on the body of the breeder. Care must be taken not 
to allow them to suck to repletion, which often proves fatal. 
Feeding in moderation is repeated about every two \veeks until 
they are old enough for use, \vhieh may be at t\vo years. The 
mature leeches are then divided into t\vo lots, the one to be sold 
for medicinal purposes, the other, ealled “ seed leeches/ , being 
reserved for breeding. The latter are kept in water changed at 
intervals and are fed on blood until the next breeding season.. 
Leeches used for blood-letting and fed with large quantities of 
blood lose their po\ver of reproduction and are useless for breeding 
purposes. This is interesting and coufirmatory of the conclusion 
arrived at from a study of Dinobdella ferox that the reproductive 
organs have become abortive in parasitic individuals (p. 183). 
Those leecbes reserved for breeding and not employed medicinally 
\vill live for ten years or more. 

Susruta (for a copy of a complete translation of the chapter 
on leeches by Kaviraj Kunja Tal Bhishagratna I am indebted to 
Major Seymour Sewell) gives many quaint directions for use of 
leeches in the treatment of various disorders and many popular 
beliefs concerning them. But the methods and precautions laid 
down \vith ancient authority are essentially those now employed. 
Onlv those leeche8 that have not been used for t\vo or three 
\veeks are appiied to the part to be treated. If these have been 
well selected they begin at once to suck blood with avidity and 
continue until they fall down filled, the amount of blood taken 
being three or four times the \veight of the leech. Such leeches 
become very dull and inactive. They are rendered again service- 
able by stripping with the fingers from tail to head, usually after 
first pricking \vith a needle on the middle line of the back behind 
the head. Thus they are emptied of blood, and after rubbing 
thoroughly and replacing in water usuallv recover and after a rest 
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of two or three weeks may be used agaiu. Leeches tlius regularly 
employed seldom live more than a year. 

The Chohra find that wild leeches do not breed in captivity 
until long accustonied to it, and are dilficult to confine. Their 
bite is often unbearable to the patient, and, according to Sushruta, 
eauses intense itching and sometimes swelling and fever. As a 
result the place of the bite is scratched. The probability is that 
the abscesses, blood-poisoning and occasional death which some- 
times follow are more frequently the result of infection introduced 
into the wound by scratching rather than of the direct poisoning 
or infection of the bite. The bite of domesticated leeches is far 
less painful. 

Further details relating to breeding are given by Matthal (1920). 
Twenty-two leeches under observation from May 23 to June 23 
formed forty egg-capsules or cocoons, each leech producing from 
one to four. Drying of the clay stimulates cocoon formation, but 
may kill some of the leeches, while too much moisture retards it. 
On one warm day (32° C.) eleven cocoons were formed and four 
leeches died. Cocoons first appear as a white frothy girdle about 
the clitellum. The body is slo\vly withdrawn tailward by rhythmic 
alternate contractions of the two sides, a process requiring about 
six hours for its completion. After the cocoon has slipped over 
the head its ends contract, the anterior end being pointed and the 
posterior broad and bilobate. It graduaily assumes an ellipsoidal 
form, 18-20 mm. long bv 11-13 mm. wide, becomes yellowish in 
colour and of a stiff, firm texture. The walls consist of an inner 
membranous layer and an outer spongy or cellular layer filled with 
air which cause it to float in water. The contents are a greyish 
jelly in which a number of eggs are suspended. Development 
proceeds rapidly if the cocoons lie on damp eartb, but if they are 
covered by earth or immersed in water it is retarded or stopped. 
In about a fortnight three to fourteen (five or six according to 
Khan) young emerge from each cocoon. They are about 20 mm. 
long and 2 mm. wide, swim rapidly, attach by the posterior 
sucker, and in a few days attain the characteristic colour-pattern. 
Bv the time of hatching, the grey contents of the cocoon have 
been entirely used up as food by the young. 

Whether or not these leeches actually transmit diseases from 
person to person or between domestic animals is not certainly 
known, but the use of the same leech repeatedly, as practised by 
native doctors offers perfect conditions for the transmission of 
infective agents. That infections do sometimes follow the use of 
leeches is evident enough, but the unsauitary customs attendaut 
upon their use and the scratching of the wound due to itching, 
especially following the application of wild leeches, probably 
explains many of the cases of ulcers, toxsemia, etc. 
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41. Hirudinaria (Pcecilobdella) viridis, new species. (Plate 
Vin, figs. 31, 32, 33). 

Diagnosis. —Largest extended specimen 114 x 18 mm. Form as 
in H. granubsa. Colour in general similar to that species but 
probably more inclined to the greens, and the pattern certaiuiy 
disintegrated earlier aud more completely. The black pattern is 
limited chiefly to trausverse rows of mid-metameric spots. Bright 
olive-green of dorsum and greyish-greeu of venter sharply defined 
by clear bright orauge marginal stripes; dorsum usually with supra- 
marginal black spots on 6 2 and 6 5 and often with paramedian 
spots on b 6 and b 1, and more or less o£ a median dorsal line ; 
no definite submarginal black stripes. External morphology in 
general closely similar to H. granulosa. Jaws as in H. granulosa. 
Atrium with penis-sac three or four times as long as prostate, 
which is covered with a compact layer of glands; ejaculatory duct 
little enlarged. Female organs similar to those of H. granulosa , 
but vaginal stalk at least twice as long as csecum at all ages. 
Type-locality, Shasthancottah, Travancore, Madras State. Type, 

ludian Museum, ZEV 

Description. —None of the specimens is very well preserved, 
most of them being strongly contracted and the others distorted 
and softened. Most of them are of small size, the largest 114 x 
18 imn. A moderately extended one measures: length, 102 mm.; 
length to male pore, 22*5 mm.; buccal width, 8 mm.; \vidth 
at male pore, 12*5 mm.; maximum width (XVII), 14*5 inm.; 
depth, buccal, 4 mm.; at male pore, 5’2 mm.; at XVII, 6 mm.; 
diameter caudal sucker, 8 mm. Form about as in H. granulosa , but 
apparently with the head even broader. Oral chamber spacious, 
the lip marked on the venter by a median furrow ending caudally 
in the dorsal triangular niche, and two pairs of lateral longitudinal 
furrous, and on the dorsum bv quadrate areas. Eyes, sense- 
organs and annulations as in H. granulosa. 

Clitellum as in other species of the genus, a thick, glandular 
layer extending from X b 5 to XIII a 2 inclusive, but little 
evident externally. Gonopores typically at XI 6 5/6 6 and 
XII 6 5/6 6, but one or both may be more or less within 6 6. 
They are larger than on specimens of equal size of the other 
species of Hirudinaria , and the penis much more frequently 
protrudes as a coarse filament 12-15 mm. long, increasing in 
diameter to near the tip, which is about 1*6 mm., wrinkled but 
not spirallv twisted or papillated near the end. Nephropores 
17 pairs, on the caudal border of 6 2 from VIII to XXIV inclusive, 
exactly in line with the ventral intermediate sensillas, on some 
specimeus very conspicuous, both because of their whiteness and 
their large size. Anus as in H. granulosa. Caudal sucker 
probably smaller than in H. granulosa , as it in no case exceeds 
two-thirds of the body-width and in most cases is eonsiderably 
less. Integumental furrows regularly and strongly developed. 
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.Tnteguments nearly smoofch on some, very rough on othei* indi- 
viduals, in which the areas stand oufc as papillae roughened bv 
the protruding sense-organs, which ou still other specimens may 
be retracted to form minute pits. Each area bears a centrul larger 
sense-organ with smaller ones clustered about it. These areas 
are rather more numerous thau on H . granulosa , there being from 
forty-four to fifty-six on each annulus of the middle region. 
Sensillse disposed as in H granulosa^ but, though appearing con- 
spicuously on the dark background, they are smaller and less 
elongated, generally white spots on a clear elliptical area; dorsal 
intermediate largest. 

Annulation difiers in no obvious respect from that of II. granulosa 
and H. manillensis and exhibits much the same variations, though 
it is probable that they diifer in frequency, as was shown for the 
two other species. VII a 3 and VIII a 1 are constantly enlarged, 
and the former commonly has the secondary furrow (bl/b2) 
more or less evident on the dorsum, and in coutracted specimens 
occasionally on the venter. On complete somites the middle 
annulus (a2) is usually slightly shorter than the others. XXIV 
a3 is much longer than the otlier aunuli, and the furrow b5/b6 
mav be more or less developed or entirely absent. XXVII is 
uniannulate or biannulate. On many, especialiy of the smaller 
and contracted specimens, the intermetameric furrows are much 
deeper than the others, and the annuli of each sornite are 
separated by a next deepest furrow into an anterior group of 
three (b 1 -\-b 2+ a 2) and a posterior group of two (b 5 + b 6), most 
evident on fche venter. 

Colour .—There is no direct inforination concerning the living 
coloration of this species, but five specimens preserved in 
formalin have retained much of its character. In life the green 
must have been much brighter and the orange richer and redder. 
The dorsum is of a very uniform rich olive-green, on which the 
white or colourless sensillae stand out with exceptional distinctness 
and the black pattern is obscured, requiring liigh lighting under 
water to bring it out. The median line, paramedian spots and 
supra-marginal spots are usually present but faint, exhibifc fche 
usual variations, and any or all mav be absent. There are also 
faint traces of metameric portions of the narrow black lines. 

The venter is a uniform dark greenish-grey, without spots and 
with definite submarginal stripes, though the submarginal field 
may be more dusky. Apparentlv the pigment has become diffused 
over the entire surface, which is probably dusky green in life. 
The margius have a very cleariy defined narrovv strip of orange- 
ye!low, continuous for the entire length. 

Small examples from which the green and red have faded 
exhibit the typical generic pigment pattern with some modifications,. 
chiefly in the direction of deficiencies. Most strikiDg is the 
constant absence of definite submarginal black stripes from every 
one of forty-eight specimens. Next. is the obscurity or frequent 
absence (in nearly one-half of the cases) of tbe median dorsal 
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liae, which, however, may be complete and continuous on full- 
grown individuals or, as is more frequenfc, be broken into shorfc 
mid-segmental lines. Next is the early age at which the definitive 
pattern becomes established. As compared with the ofcher species, 
this is chnracterized, in addition to the two deficiencies just men- 
tioned, by slight or no development of the intersegmental parts 
(on b 6 and b 1) of the narrow black lines, which thereby become 
intensified as metameric spots on 6 2, a 2 and b 5, and by the 
the frequent absence of the most medial and fche most lafceral of 
these lines. This pattern, exhibited by most of the specimens, is 
established in its losses as fully on one 17 mm. long (contracted) 
as on the largest, but is subjecfc to the usual variations. As in 
the other species, the loss of one elemenfc of the pattern is unusually 
correlated with the intensification of another. Two individuals 
of raedium size lack the pattern totally. 

Digestive tract as in H. granulosa , bufc presents a few minor 
differences. Jaws prominenfc, bearing on each side about sixty out- 
standing rounded papillm 0*05 to 0*095 mm. in diamefcer; the 
median jaw somewhat larger, with 100-105 teeth, the paired with 
90-92 teefch (counted on four specimens). Teeth, as in H. granu- 
losa , well spaced and without the long series of very small ones, 
pointed, conical, the largest 0*027 X 0*009 mm. No trace of teeth 
could be found on the speoimens in formalin. Pharynx of two 
dissected, with six broad longitudinal folds nofc united in pairs 
anteriorly, bufc instead three end at the jaws and three alternate 
with these. Gastric caeca as in H. granulosa, the principal pair 
of each somite rather slender and elongated, with definite lafceral 
and terminal lobes, secondary caeca, nearly one-half as long as 
the principal ones ; last pair arising in XIX, reach to XXV]. 

lteproductive organs very distinctive. Testes, in the one fully 
dissected, eleven pairs, probably varying from ten to twelve, of 
the usual form and position, firsfc pair alvvays at XIII/XIV. 
Nothing distinctive about vas deferens. Epididymis (fig. 57) 
spheroidal, the tortuously folded sperm-duct partly arranged into 
two limbs, the lateral entered by the vas deferens, the medial 
giving rise to the ductus ejaculatorius. Ejaculatory duct, while 
somevvhat enlarged, in no case possesses a large bulb, as in 
H ’. manillensis ; it penetrates the glandular layer on the latero- 
ventral aspect of the prostate and enters the prostate cornus. 
Atrium of constant form in specimens of all sizes, afc maturity 
very large, much folded and extending throughout most of the 
length of XI and XII; of elongated, clavate form, the penis-sac 
gradually increasing in diameter from the external bursa and 
passing into the spheroid prostate without sharp external diflter- 
entiation other than the solid glandular layer covering the latter. 
Eemale organs (fig. 58) in all essentials quite constant in ten 
specimens of all sizes dissected. Like the atrium at maturitv the 
vagina is very large, much folded and extends through two somites 
or more, and by comparison, the ovisacs and oviducts, which are 
in no way peculiar, appear small. Vagina shaped much like the 

B 
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atrium, but even louger and more slender, consisting o£ a vnginal 
caecum and a stalk of twice or more its length, at the union o£ 
which the common oviduct terminates. Stalk a long cylindrical 
tube about half the diameter of the penis-sac and exceeding it in 
length. Caecum composed of a more or less inflated sac or pouch 
and a narrower duct that tapers into the stalk and which may be 
abruptly differentiated from the sac or taper gradually from it. 



Fig. 57 .—Hirudinaria viridis. Terminal male organs removed, and straightened 
out, as seen from in front, with penis protruded. X 3J. p., penis. 
Other lettering as before. 

Brown botryoidal tissue is developed to about the same extent 
as in H. granulosa , but much less than in H. manillensis. 

Geographical Distribution and Bionomics .—Un der this head 
practically nothing is known. Although three lots were sent 
from the IndianMuseum, the label of one has become illegible, and 
Coviloar, the locality given on another, cannot be found in the 
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atlases. The remaining lot, includiug the type, comes from Shas- 
thancottah, 12 miles N.N.B. of Quilon, Travancore, and was 
collected by Dr. Annandale. This place is in the southern part of 
Madras State near the west coast, and the altitude is about 300 ft. 



9 


Fig. 58.— Hintdinaria, viridis. Female organs from dorsum, removed and 
bursa turned in face view. X 3£. Va.s., vaginal stalk; v.c., vaginal 
caecum. Other lettering as before. 


Another specimen, received later, \vas taken from a small pond 
in a rice-field at Etakare, Malabar Dist., Madras, at an altitude 
of 100 ft. 

The stomachs of several specimens contain blood and one a 
:small quantity of a greenish flocculent material. 
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Subfamily ELEMADIPSINiE. 

Synonymy: 

HeBmadipsidcBj Blanchard, 1893, 1894. 

HcemadipsincBj Blanchard, 1896, 1899,1917, 

Hcemadipsince, Perrier, 1897. 

Hepantia, Brandes (in Leuckart), 1901. 

Hcemadipsince , Weber, 1915. 

Hcemadipsince , Harding, 1913. 

Hcemadipsmce, Pinto, 1923. 

Type-genus, Hcemadipsa , Tennent, 1859 (1861). 

General Characteristics .—These are the land-leeches parexcellence y 
little amielids that have solved the problem of terrestrial and even 
of arboreal life far more completely and successfully than have 
the burrovving and cryptozoic distichodont and Erpobdelline 
leeches. While, as pointed out before (p. 158), the Aryhyncho- 
bdellid leeches, for tlie most part, are not to be regarded as aquatic 
in any extreme sense, nevertheless water is the dominant element 
of their physical environment, and the step taken by these land- 
leeches in the direction of emancipation from dependence upon it 
in masses is a long one. They have reached nearly or quite the 
same stage of ecological evolution as, for example, have most of 
the toads and tree-toads as compared with the aquatic and 
amphibious salamanders and frogs. That thev have not yet 
completely freed themselves from the shackles of their ancestral 
habitat is sho\vn by their present geographical and seasonal 
limitation to places and times of great humidity. As compared 
with most insects, snakes and lizards, they are as far from being 
completely adapted to life on dry land as are leeches like Hirudo 
and Hirudinaria from the absolute aquatic requirements of such 
types as sponges, hydroids and echinoderms. 

That the land-leeches have been successful in their new habitat 
is sufficiently shown by their teeming abundanee and by their 
dispersal over a wide range centering round the Indian region and 
extending through the island groups of the Western Pacific from 
Japan to Madagascar and Australia. In the dank tropical jungles* 
the misty ravines and the shovvery, forested mountain-sides of 
this extensive region they are among the most dominant and self- 
assertive elements of the animal life. A volume could be filled 
with the tales of naturalists, travellers, missionaries, engineers 
and soldiers, all attesting, from their varied viewpoints, to the 
invincible and often overwhelming onslaughts of these myriad 
vampires of the jungles upon such men and beasts as venture to 
trespass upon their well-guarded domains. A veryfevv quotations 
will suffice. 

Hooker (1854, p. 157), writing of his experieuce in tbe Teesta 
Valley, in Sikkim, states:—“Leeches swarmed in incredible pro- 
fusion in the streams and damp grass and even among the bushes; 
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they got into my hair, hung on tny eyelids, and cra\vled up my 
back. I repeatedly took upxvards of a huudred frotn my legs, 
where the small oues used to collect in clusters on the instep; the 
sores which they produced \vere not healed for five mouths after- 
wards.” 

Haeckel (1883, pp. 138-139) thus describes them in Ceylon:— 
“ Excepting near the sea and in the highest mountains they swarm 
in myriads in every wood and bush; and in some of the forests, 
particularly near the river banks and in the marshy jungles of the 
highlands and Io\ver hills, it is impossible to take a single step 
\vithout being attacked by them. Not only do they creep along 
the ground seeking what they may devour—they are on every 
bush and tree, from \vhich they frequently drop on the head and 
neck of the passer-by; while they ahvays creep up his legs, nay, 
they can even spring to reach their victim.” 

Semper (1863, p. 559) recounts:—“I once passed through a 
leech forest \vhere, in less than twenty minutes, such an extra- 
ordinary number of these blood-thirsty creatures fastened them- 
selves to my feet that they formed on both sides of the ankles 
bunches as large as the fist. For the most part they keep on the 
ground ; but there are some that live on trees, aud attach them- 
selves to the bodies of animals passing by, generally seeking the 
eye.” 

Many stories are told of persons sleeping out in the forest or 
lost in the jungle, or of soldiers wounded in battle, \vho were 
found literally eovered vvith leeches, and \vho either lost their 
lives or barely escaped and were crippled for life. Large bodies 
of soldiers have been driven out of the jungle by them. 

These haBmadipsines are so distinctive in appearance that they 
may be recoguized at once. A careful study makes it evident that 
their exteriml characteristics have been moditied chiefly in relation 
to the changed mode of life, \vhereas the internal organs, and 
especially the nervous, vascular, digestive aud reproductive systems, 
are more conservative and show less divergence from the aquatic 
Indian forms to which they are most closely related. It is evident 
that the changed habitat has affected principally three sets of 
conditions: namely, first, water relations; second, conditions of 
locomotion; and third, conditions of sense reception. 

The first involves a change from normal immersion in water to 
continuous exposure to au atmosphere more or less completely 
saturated with \vater vapour and to surroundings frequently 
drenched by tropical rains. These couditions have been vividly 
depicted in numerous descriptions of their abodes. Thus Hooker 
(‘Himalayan JournalsM, I, p. 98) writes :—“ In the rank luxuriance 
of the vegetation and the saturated vapours blown by the S.E. 
winds from the Indian Ocean 400 miles distant and condensing on 
the cooler southern slopes of the foot-hills of the Himalayas of 
Terral, in the dense jungles of stream-cut ravines, legions of 
leeches occur.” Sibree (1915, p. 157) describes their habitat as 
“ deep ravines \vith rushing water, luxuriant foliage, ferns and 
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mosses. ,, Semper (1863, p. 186) refers to their living in the open 
on trees in Ceylon in forests constantly saturated with moisture 
quite as well as European leeches do in water. While most species 
of these leeches do not normally enter water even vvhen living in 
the vicinity of streams, they sometimes do, as will be pointed out 
later. That they are not injured by immersion in water for a loug 
period was proved by Whitman (1886, p. 528), who thus kept one 
of the Ceylon species without injury for thirty days. It was, 
necessary, however, to confine them forcibly, as when free to do so 
they immediately left the water. It is evident that the land- 
leeches are pliysiologically aquatic, and that their preference for a 
damp climate is in response to the necessity of maintaining the 
body moisture. Probably the first importance of this is to support 
respiration. This takes place through a superficial netvvork of 
capillaries, loops of which peuetrate the epidermis, and the skin 
fails as a vespiratory organ unless kept moist. 

But it is evident that mucli more than the selection of an appro- 
priate habitat is involved. There is abundant evidence on the 
labels and in my correspondence, and there is some liltle in the 
literature that these leeches do not everyvvhere and at all times 
enjoy the ideal conditions of the saturated jungles of Ceylon and 
the Philippines. They have extended their range on to the com- 
paratively dry grass-lands where cattle are pastured, as, for 
example, near Eitani, Naini Tal, where they are very abundant at 
7000 ft. (A. N. Gulati ), and “among moderately dry ])erbage 5, 
(Annandale) near Calcutta. There is evidence also that year by 
year t.hey are pushingto higheraltitudes on the mountains (Petch, 
1919, |). 79). Purthermore, many of the habitats, and especially 
the mountaiu habitats, are subject to the influence of the north- 
east monsoons, and consequently have a dry winter season. 
During the progress ot' the dry season the leeches disappear, as 
they are reputed to do also in certain districts between rains. 
These and other similar facts indicate that in spite of having 
found a terrestrial habitat with abundant resources of moisture, 
these leeches are nevertheless placed at a great disadvantage as 
compared vvith their aquatic relations. Obviously any adaptations 
for the conservation of vvater would tend toward the extension of 
their range and of the yearly period of their activity. 

There are several such adaptntions. The compactness of the 
body resulting from its cyiindrical form, and the reduction of 
annuli in the cephalic and anal regions, reduces the surface for’ 
evaporation. The small size, of course, is a disadvantage from 
this point of view. The integuments of the Jand-leeches are 
harder than those of other leeches, vvhich may retard evaporation. 
Mucous glands are also more numerous, and their secretion helps 
to maintain the skin moisture. But the most important and in- 
teresting adaptation is the use made of the nephridial excretion, 
as Whitman (1886) has already pointed out. In aquatic leeches 
the nephropores are situated on the ventral surface, and the ex- 
creted fluid passes rapidly into the water. In the land-leeehes 
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the nephropores are at the margins of the body, the terminal duct 
of the vesicle being directed upxvard to that point. From tbe 
point of exit the ñuid may be evenly distributed over botli dorsal 
and ventral surfaces by means of the furrows and connecting 
wrinkles, wbich act like a system of irrigation ehannels to equalize 
its flow. By this means everv particle of the fluid may be utilized 
for moistening the surface of tbe body. As the rate of flow of the 
fluid is controlled by a sphincter muscle, no more need be passed 
out than is needed to maintain the proper physiological conditions, 
and as the nephridial vesicles are very large, water may be stored 
iu them against a time of need. When medicinal leeches are 
sucking blood, drops of fluid may be seen to gather at the nephro- 
poreB and run away (Gi*atiolet, Moquin-Tandon, et al.). This is 
supposed to couie in parb from the blood plasma \vhich is rapidly 
absorbed and excreted, thus concentrating the solid part of the 
imbibed blood in the stomach (Bialaszewicz, 1924). Whitman 
(1886, p. 327) describes drops of clear fluid as flowing from them, 
and states that the same occurs in the Japanese land-leeches. 
This, then, offers a means by which the leech may be protected 
from drying during the critical and important period ol’ feeding, 
when it is most exposed. At’ter feeding, the leeches seek 
shelter and darkness, and crawl beneath stones or logs, or bury 
themselves in the earth, where they are protected against rapid 
evaporation. 

Concerning locomotion, it is evident that the suckers which 
leeches use as adhesive disks in their ordinary looping movements 
can function as vacuum cups only so long as the margins are 
pliable, and forrn a close air-tight union vvith the surface of con- 
tact. This may be observed in any aquatic leech allowed to crawl 
over a dry surface. Iu a brief time the sucker dries, air leaks in 
at the margins, and it fails to hold. The leech becomes helpless. 
The land-leeches are especially protected against this iraminent 
danger of their mode of life. In many of them the first pair of 
nephridia are carried forward, and the external openings are 
situated at the sides of the buccal ring, whence the secretion is 
conducted around a large part of the sucker rim by the buccal frill, 
a thin membrauous fold continuing the lateral buccal lobes, thus 
keeping the margins of the head-sucker moistened. 

A similar but more perfect device is attached to the caudal 
sucker. Here, projecting tovvards tlie sides of the sucker, is tbe 
so-called auricle , the function of which has remained unknown. 
It is a tri-lobed, flange-like appendage to the margins of somites 
XXIV, XXV and XXVI, probably derived from the marginal 
papillae of their sensory annuli (a 2), as is indicated by its struc- 
ture, position and colour. Usually the middle lobe is small and 
triangular, the first and third larger with thin membranous 
margins, the angles of which are somewhat prolonged. The 
interlobular sinuses are rounded. The whole fits closely to 
the tessellated surface of the sucker, the angles dipping into its 
grooves. The last pair of nephropores is situated beneath the first 
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lobe or betvveen this and the second. When the leech, with 
sucker attached, holds the body erect, tnrning and swinging about 
on its pedicel, as it is described as doing when a victim approaches, 
the auricles must necessarily sweep back and forth over the sucker. 
If, now, the nephridial secretion be flowing, the auricle would act as 
a brush or spreader to distribute it over the surface and margins 
of the sucker, maintaining their moisture. 

While a vacuum disk or cup is no doubt an exceedingly power- 
ful and versatile organ of attachment, when employed in locomotion 
it seems hardly suited to promote rapid progress. This is for the 
reason that the disk must first be closely applied to the surface of 
attachment to force out any foreign particles, and especially any 
air; the rim must then be sealed, and finally the disk cupped and 
the space beneath it largely exhausted. Evidently this requires 
an appreciable length of time, and explains the deliberation with 
which leeches ordinarily perform their looping locomotion, and 
especially the slowness with vvhich thev fix the sucker. Probably 
it. is for this reason that aquatic leeches swim vvhen rapid move- 
ment becomes necessary. 

Laud-leeches, denied the latter method of progression, have 
evidently perfected the looping mode, for all observers are a 
unit in describing the remarkable svviftness with which they 
advance. Indeed, it is stated that they actually leap. Whitman, 
discussing especially the old account of Schmarda, expresses the 
belief tliat jumping in the strict sense of the word is a physical 
impossibility for these leeches. However, there is so much 
testimony to the truth of the assertion, including that of such 
traiued observers as Haeckel (1883), Schmarda (1861) and Meyer 
(corres.), and several of my recent correspondents, that the fact 
can scarcely be doubted. Jumping leeches they are sometimes 
called, so patent is this habit. Both of these facts, the celerity 
with which the leeches move and their ability to jump, seem in- 
compatible with the use of the sucker solely as a vacuum disk. 
Another statement that has been ditficult to harmonise with the 
use of the sucker in this manner is that these leeches move with 
great facility along slender tvvigs and leaves, and even perch on 
the trembling edges of the latter. How can a sucker be operated 
effectively under such conditions ? 

A study of the structure of the sucker solves this problem, for 
it becomes quite evident that it differs from that of other leeches, 
and has been modified in such a manner as to serve as a prehensile 
organ to a far greater degree than in any other, except possibly 
some of the fish-leeches. The pedicel is very massive, and its 
musculature and that of the sucker unusually well developed. 
While most leeches exhibit slight marginal crenulations of the 
sucker and faint and irregular radial wrinkles passing to them, in 
only a few cases do these have any constancy and definiteness. In 
the land-leeches, however, these structures become fixed as definite 
radial and subradial ridges or ribs, each ending in a small rounded 
marginal papillse. Their number is quite large, varying from 
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about sixty to ninety and sufficiently constant to characterise 
certain species. These rliys are better developed in the land- 
leeehes than in any others, except the Ichthyobdellid Actinobdella . 
They are admirably adapted to serve as friction ridges to assist in 
the grasping function ot* the roargin of the disk. The anterior 
median portion 06 the margin of the sucker is specially and more 
highly developed for the same purpose. Some of the more accurate 
figures and descriptions of the suckers of land-leeches indicate 
very clearly that thev are not exactly circular, but soroevvhat oval 
with a slight projecting anterior angle. This point or angle is 
formed of a median pair of the rays, and the muscles here are 
thickened. Its length and form differ considerably on different 
iudividuals; on soroe it is barely perceptible, on others it forms a 
conspicuous, tapering projection which roay be straight or hooked. 
While discernible ou all species, it appears to be best developed in 
the zeylanica type, vvhich has the fewest radial ribs. It is evident 
that this is a functional papilla that may be protruded and ex- 
tended or contracted or bent ventrad as a hook through the 
activity of its own and adjacent musculature. Finally, this 
structure reaches its highest development on the small, mottled 
race ( cochiniana ) of H . zeylanica , which is so abundant in the rain- 
soaked forests of Cochin State. Every one of a large number of 
this race possesses a prominent pointed triangular lobe projecting 
from the anterior rim of the sucker. This is so large and so 
constaut in form that it appears to be a definitive and no longer a 
facultative structure, as in the other races and species, but, of 
course, this can be definitely determined only by the studv of living 
leeches. In any event it is certain that ifc is a weil-developed 
prehensile papilla ndroirably fitted, with its rousculature, to give 
the animal a firm toe-hold on loose or soffc soil, or to enable it to 
grasp, as with a little apposible finger, the edge of a leaf or a fchin 
twig. In the rapidity and precision vvith which it can take hold 
or let- go, this prehensile organ is a great iroproveroent over the 
vacuuiu disk, and in large parfc explains the remarkable agilitv of 
these nnimals. It is hoped that a naturalist favourably situated 
within the geographical range of these leeches will study their 
behaviour vvith sufiicient care to determine whether they, as a 
matter of facfc, actually do roove as here surmised. 

Concerning their sensations little can be stated at the present 
time. So far as actually known, the sense-organs of the land- 
leeches do nofc differ materially from those of aquatic leeches. 
The eyes are relatively larger, the number of series of sensillae is 
smaller and some of the individual sensillm are more prominent, 
but that is about all that is known. There has been no experi- 
roental work on their sensations. Here is another most interesfcing 
opportunity for careful studies on behaviour. Whitman notes 
that some of his leeches manifested very great excitement when a 
light breath was blovvn into the bottle iu vvhich they were confined. 
All observers are agreed concerning their great alertness and keen 
senses, and it is stated that as one passes through their haunts 
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they may be seen coming to the attack from all directions and 
from as far as thirty feet, but no one bas made it clear tbrough 
which sense they detect the approach of their victims. 

In the substitution of air for water as a circumambient medium 
certain changes in the sense-organs might be assumed. As the 
refractive iudex of the medium changes so might the eyes, but as 
the eyes of leeches are phototactic and not visual organs,.no great 
change would be necessary or expected. The chemical sense might 
become more of the nature of our smell than of our taste, but as 
these leeches live in an atmosphere saturated with water vapour a 
large part of the time, it is probable that little distinction is to be 
drawn here either. Then one might expect a distinction bet\veen 
the reception of vibrations transmitted through the ground and 
through the air, but, so far as I kno\v, no one has detected anything 
resembling an auditory orgau in these leeches. Like aquatic 
leeches, the land-leeches apparently are very sensitive to slow 
mass vibrations, and one may surmise that it is through the 
vibrations caused by their foot-falls that the leeches learn of the 
approach of their victims. But smell also may be an important 
factor. It is possible also that those leeches only which are in the 
immediate vicinity receive these sensations. Those farther away 
may be stimulated by the activity of their nearer fellows. 

A problematical structure which may be a sense-organ occurs 
on certain anterior somites of several species. It is best developed 
on H. ornata, and is referred to in the specific descriptions as the 
furro\v-pit. Unfortunately none of the material sectioned is 
sufficiently well fixed to make it possible to determine its minute 
structure and nature. It consists of a slit-like depression of the 
furrow, the epithelial lining of vvhich is deeper than elsewhere, 
nearlv free from mucous glands and capillaries, and lies in a white 
or unpigmented field. The furrow-pits may prove to be copula- 
tory areas. 

ln view of their abundnnce, ubiquity and assertiveness, it is 
surprising how little accurate information concerning land-leeches 
we have. It is well-known that theyare most active at night and 
during rainy \veather, that most of them will disappear during a 
few days of 110 precipitation, and that during the dry season they 
totally disappear, but no one appears to kno\v what actually 
becomes of them during the dry season. This was the answer 
invariably received from Indian naturalists to whom the question 
was put. The literature is equally barren. It offers several 
suggestions but few asceriained facts. Tennent (1861), after 
referring to their complete disappearance during the dry season 
and their reappearance immediately with the coming of the rains, 
queries, “Whence do they reappear? Do they, too, take a 
( suramer’s sleep 9 like the reptiles, molluses and tank fishes, or 
mav they, like the Botifera, be dried up and preserved for an 
indefinite period, resuming their vital activity on the mere recur- 
rence of moisture? ” Landon (1905, p. 49) goes so far as to state 
that they all die with the advent of the dry season,and that those 
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which reappear on its conclusion are a new generation. This 
would liinit theni to an active life of not more than seven or eight 
months, at the closeof which eggs would be laid. This suggestion 
is so eontrary to what is known of other leeehes that. in the 
absence of anv evidence it seems most improbable. Whitman 
inclines to the belief that they nierelv seek shelter under stones, 
sticks, etc., as they do at all times when nor actively moving about, 
and, thus protected against complete drying, await favourable 
conditions of moisture. There is considerable evidence that many 
of the leeches do survive periods of drought in this state of simple 
rest. Whitman, however, probably goes too far \vhen he denies 
completely the possibility of hibernation (drought torpidity) exccpt 
in tlie case of those mountain leeches that live above the line of 
occasional frost and snow. Even aquatic leeches wi11 pass into 
this state of torpiditv. The common American Macrobdella decora 
souietinies lives in small ponds that dry up during unusual 
summers. Thev then burro\v into the mud, coil into a ball and 
lie quiescent until the pond is filled again. How long they will 
live in this state is unknown, but in one instance several were 
removed after the mud had been air-dry for three weeks. When 
placed in water they were completely quiescent, but rapicIJy 
absorbed water, s\velled until they were about twice their former 
(dry) size and became active. Oka (1922, p. 92) has described a 
case of a fish-leech ( Ozobranclius ) in which this process goes even 
farther. It is probable, therefore, that some of these Jeeches do 
pass into a condition resembling hibernation. There is still 
another explanation tbat accounts for the disappearance of some 
of the leechesfrom the drier areas, and that is inigration. During 
the dry season thev may concentrate in the vicinity of \vater- 
courses, and during the wet season spread more widely over tl»e 
less well-watered lands. The meagre evidence for this statement 
is to be found in the seasonal tabulation of the collections. This 
indicates that these leeches are more often taken attached to frogs 
and turtles during the dry than tlie wet senson, and in a fevv casea 
the labels record that they were found under stones by the sides 
of hodies of vvater or in the dry beds of streams. 

Some speculations concerning the origin of the land-leeches 
may be of some interest. Whitinau (1886) considered their 
nearest progenitor to be Hirudo , by whieh I think we may assume 
that he meant any genus of the Hirudo tvpe with similar annula- 
tion. Mv own inference is that the Indian genus Hirudinaria 
lnay be more closely related. It is not only the dominant aquatic 
leech in the region most affected by land-leeches but is, more 
prone to leave the water corapletely than isHirudo , and in several 
respects (characters of reproductive organs, external sculpture,. 
etc.) it resembles the land-leeches more closely, though in otbers 
(jaw papillae and form of sensillae) it diverges raore widely. In 
an unpublished note Whitman speculates on the place and 
conditions of their origin, in part as follows:— 

“ In the younger tertiary periods a belt of freshwater lakes 
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skirted the southern base of the Himalavas, extending, with some 
breaks, across the entire peninsula of India, from the Indus and its 
tributaries to the Brahmaputra. Prior to the Grlacial Epoch this 
long basin was drained by the elevation of its beds to considerable 
heights above the level of the sea. 

“ It would seem then that this upheaval which gave rise to the 
sub-Himalayan hills must have been attended by eonditions that 
would be favourable to the gradual transmutation of freshvvater 
leeches into land-leeches. 

“ The gradual escape of the water, resulting from the elevation 
of its beds, would inevitably lead to a struggle for existence on 
land, with some prospect of success in localities vvhere the loss of 
water was best compensated for by frequent rains and a con- 
stantly humid atmosphere.- Smaller individuals would evidently 
have some advantages over larger ones, under such conditions. 
Allovving that the climatic conditions were no more favourable 
than they now are in some parts of these mountains, there are 
evidently grounds for the conjecture that some portion of the 
Sivalik basin wns t-he cradle of the immediate ancestors of 
the land-leeches. The fact that- these leeches are now found 
in profusion in the lower Himalayan and sub-Himalayan regions 
under conditions vvhich, according to all aceounts, are as favour- 
able to their mode of life as any that occur anywhere in the 
world; the probability that they have all had a common birth- 
place on the continent to which these mountains belong; and the 
fact that. geological changes on a grand scale have here taken 
place, of a kind that vvould be eminently favourable to the 
introduction and perpetuation of land-leeches, all tend to justify 
the same conclusion.” 

Such information concerning the geographieal distribution and 
relationships of the land-leeches as has accumulated in the forty 
years since this note was written points t-o the southern slopes of 
the Himalayas as the probable centre of their dispersal, and I 
know of no facts that controvert Vhitman’s main contention. 
As the land-leeches frequently attach themselves to birds, their 
dissemination to islands is easily accounted for. 

That the land-leeches must exert a considerable influence upon 
hutnan welfare is undoubted. There are districts so dominated 
by them as to be nearly uninhabitable for Man. They have a 
deleterious effect upon agriculture and stock-raising through 
attacks on domestic animals. As they repeatedly bite in tbe 
same place the continued irritation results in persistent open 
sores, as is attested by many observers. Attacks on the eye some- 
times cause temporary or even permanent blindness (Blanchard, 
1917; Semper). Whether they actually transmit blood parasites 
or other infections has not been detinitely established. They are 
reputed to be vectors of the flagellate ( Herpetomonas ) causing 
gangrenous ulcer (Provvazek, 1904, p. 28) and of the germ of 
tetanus (Kribs, in letter). That their bites are followed fre- 
quently by suppuration is wellknown; Davy (1821, pp. 102-105) 
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attributes frequeut death to this eause, and Tytler (1826, p. 373) 
deRcribes in detail three cases met in his practice of soldiers bitten 
on the feet and ankles \vho contracted deep-seated and persistent 
ulcers from which they became permanently crippled. No doubt 
many of these cases are due to secondary intection from scratching 
of the wound or othervvise. It is especially advised not to remove 
the leeches too forcibly because of the danger of leaving some of 
the teeth in the wound. 

In the arrangement of the genera of the subfamily, Harding 
(1913) has proposed the two series of Trignathoferce for those 
having three jaws, as typical of the Hirudidss, and Duognathoferce , 
in vvhich the dorso-median jaw is absent, leaving the paired jaws 
only. Blanchard (1917) ignores this important distinction and 
defines the genera solely by the number of annuli in complete 
somites, leaving out of consideration all factors of internal 
anatomy, a practice that Johansson (1924) justly criticises in its 
application to the genus PhUcemon. 

All known Indian species belong to the type-genus Hcemadipsa . 


Grenus HiEMADIPSA, Tennent. 

Synonymy : 

Hamadipsa , Tennent, 1859 (1861), p. 302. 

Hcemadipsa , Whitman, 1886, p. 822. 

Hcemadipsa , Blanchard, 1917, pp. 656, 657 (in part). 

Type-species, Sanguisuga zeylanica Moquin-Tandou, 1826. 
Ceylon. 

Diagnosis. —Size small, form slender, subcylindrical, tapering 
to head from near caudal end, which is massive. Both size and 
form much altered when distended with blood. Colour varied, 
usually longitudinally striped or mottied. Lip more or less 
triangular. Eyes large, the first four pairs usually on contiguous 
annuli, but the third and fourth may be separated by a partial 
or complete annulus. Gonopores usually separated by five annuli 
(XI 6 5/6 6 and XII 6 5/6 6), but in a fe\v species by more. Eurrow- 
pits often presenfc on some or all of the somites from VIII to 
XII. Integument tessellafced, the areas especially prominent on 
the head and caudal sucker. Caudal sucker with numerous 
prominent radiating ribs on ventral surface and a more or less 
well-developed anterior marginal prehensile papilla. Auricles well 
developed, trilobate. Nephropores marginal, fche last pair beneath 
the auricles, the first usually on the buccal margins. Jaws 
three, very high and prominent, without papillse. Teeth acute* 
conical, slighfcly curved, in moderate nuraber. Pbarynx with 
three or six longitudinal folds. Stomach bearing simple, un- 
branched cseca, one pair in each somite, the last pair elongated. 
Atriura small, pyriform, covered with loose glands ; ejaculatory 
bulb little developed and epididymis an open convoluted loop. 
Vagina divided into a narrow tabular ducfc and large cylindroidal 
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<;secal sac, into the outer end of \vhich the oviduct opens dorsad 
to tiie duct. 

Speciation .—A final and satisfactory determination of the 
species of this genus is yet to be accoinplished. Earlier writers 
based species largely upon geograpliical separation or upon colour- 
differences. Blanchard’s (1917) extensive studies show a great 
iudividual variation and intergradation in colour-pattern, and led 
him to unite nominal species (including japonica , Whitman) 
having a very wide distribution over Japan, China, all parts of 
India, Burma and Ceylon, and neighbouringparts of the continent, 
the Philippine Islands, Malay Archipelago, Sunda Islands, etc., 
under H. zeylanica. Kaburaki (1921) went, perhaps, even farther, 
for, while he follows Oka in omitting H . japonica froin his 
synonymy, he includes H . sylvestris , which Blanchard described as 
ffistinct. The material studied by the vvriter makes it quite clear 
that the land-leeches of the Indian region are extremely variable 
externally, and that they fall into a number of geographical races 
distinguished by size, colour-pattern, arrangement of head-plates, 
number of sucker rays, etc. Lots from particular localities are 
very much more constant in all of these respects, but grade into 
those from neighbouring and more distant districts, with the result 
that a nuinber of subspecies are recognizable. In addition, there 
are several forms which differ so decidedly and constantly that they 
can hardly be discussed except as full species. These conditions 
differ from those generally appertaining to aquatic leeches, and 
remind one more of those found among terrestrial pulmonates, 
small rodents, etc. What the exact nature of these forms \vill 
ultimately prove to be remains to be determined. They may 
include ecological varieties, Mendelian segregates, localized muta- 
tions and true morphological species, so far as present evidence 
goes, or they may be something else. Present evidence is in- 
sufficient for a decision, and these questions can be adequately 
discussed only bv someone in a position to study the leeches in 
life and familiar with the complex topographical and climatic 
conditions prevailing in their habitats. 

An interesting fact is that several of the colour-varieties are 
associated with land-planarians having a nearly identical colour- 
pattern, a resemblnnce that might be described as mimetic. Uere 
are several interesting problems for resident naturalists. 


Key to Species and Subspecies of Indian Hcemadipsce. 

A. Gonopores separated bv five annuli; auricles 
present. 

a. Somite VII 3-annulate and VIII 4-annu- 
late. 

b. Furrow-pits obscure, when present on 
IX to XII; prehensile papilla well 
developed; size small. 

1. Eyes 3 and 4 on contiguous annuli; 
sucker raysusually 71-73 (66-74); 
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colour-pattern usually mottled, 
with a median dorsal lightordark 
9tripe, but other patterns occur . 

2. Eyes 3 and 4 separated by a com- 

plete or partial annulus; sucker 
rays usually 69-71(66-74); colour- 
pattern usually more or less re- 
ticulated or lougitudinall}" chain- 

striped ... . 

bb. Furrow-pits evident, on VIII to XI or 
some of them; prehensile papilla 
little developed. 

3. Eye8 3 and 4 separated by a com- 

plete (rarely incomplete) annulus; 
iurrow-pits present but not con- 
spicuous, on VIII, IX and X, 
rarely on XI; sucker rays usually 
74-76 (69-80), prehensile papilla 
little or not developed; colour 
brown with usually 3 black dorsal 
stripes, size larger. 

4. Eves 3 and 4 separated by a usually 

lncomplete, rarely complete, an- 
nulus; furrow-pits very conspicu- 
ous on IX and X in white areas; 
sucker rays 86-94, prehensile 
papilla little developed; colour 
veiy 8howy velvety-black alter- 
natmg with cream or pale yellow 
stripes, the venter red and the 

suckers pale blue . 

aa. Somite VII 4-annulate and VIII 5-au- 
nulate . . 


H. zeylanica , p. 225. 


JEf. montana , p. 269. 


H. sylvestris , p. 276. 


H ornata , p. 284. 

H. dtissumieri, p. 291. 


42. Hamadipsa zeylanica Moquin-Tandon. (Plate V, fig. 7.) 

Synonymy : 

Sanguisuga zeylanica Moquin-Tandon, 1826, p. 120. 

Htrudo zeylanica , Moquin-Tandon, 1846, p. 346. 

Hirttdo (Hceniopis?) ceylanica, Schmarda, 1861, p. 3, Taf. xvi, fig. 
143 (colour-varieties: unicolor , punctata , vittata and brunnea). 
(Ceylon.) 

Hcemadipsa ceylanica , Tennent, 1859 (1861), pp. 301-304 (text- 
figures of movements, head and teeth). (Cevlon.) 

Hcemadipsa ceylanica , Whitman, 1866, pp. 319-349 (in accouut 
of H. japonica. Pl. xviii, figs. 8 and 9 (colour). 

Hcemadipsa ceylanica , Blanchard, 1887, p. 156. 

Hatmadipsa zeylanica (Moquin~Tandon), Blanchard, 1894 a. p. 5, 
figs. 3-7 ; 1894 c, p. 113 ; 1897 a , p. 86; 1897 b , p. 335. 

Rcemadipsa ceylanica , Brandes, in Leuckart, 1901, pp. 886-889 
(incluaes as colour-varieties those of Schmarda and japonica 
Whitman). 

Hcemadipsa zeylanica (Moquin-Tandon), Blanchard, 1917 (in part), 
pp. 657-661, text-figs. 2-6 and pl. vii (external morphology 
and variations in colour-pattern, some of which are probably not 
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of tliis species. Gives synonymy, distribution, yariation9 and 
bionomics). 

Hcemadipsa zeylanica (Moquin-Tandon), Kaburaki (in part), i921, 
pp. 715, 716. (Includes all Indian Haeraadipsse, of wnich several 
colour-varieties are recognized. Darjeeling, East Himalayas, 
Assam, Central Provinces, Lower Burraa, etc.) 

Hceynadipsa zeylanica (Moquin-Tandon), Moore, 1924, pp. 368, 384. 
(Assara, Naini Tal and Simla Hills.) 

Ofcher synonymy is omitfced. 

Diagnosis .—Size small, the largesfc in full extension about 
40 mm. long, usually not exceeding 20 mm., very slender, cylin- 
droid, tapering froui fche broad sucker pedicel to tbe bead ; when 
contracted more depressed and with the maximum width further 
forward. Colour variable; in the typical subspecies with the 
ground reddish-brown, motfcled or flecked vvifch black, with narrovv 
median dorsal and marginal pale yellow stripes, fche former some- 
times greenish; ofcher races wifch a ground of various shades of 
yellow and brown to chocolate or eveu almosfc black, plain 
or variously mofctled or reticulated with black, vvifch or without a 
paler dorsal median field, and very constantlv vvith a narrow 
median dorsal black or dark brown sfcripe and yellow marginal 
stripes and somefcimes with intermediate blotches, reticulations or 
longifcudinal sfcripes of black or brown. Head areas variable, but 
third and fonrth pairs of eyes fcypically on contiguous somites, at 
most and onlv rarely, separated by a fevv small areas ; median 
areas on head segments absenfc in typical subspecies but frequent 
in others. Eurrow pifcs rarely discernible, wben present vveakly 
developed in furrovvs «2/a 3, of IX to XII. Caudal sucker vvith 
prehensile papilla usually well defined, variable in size and degree 
of exfcension and retraction, frequently very prominent and in the 
subspeciea cochiniana possibly permanently of large size; sucker 
rays usually 71-73. 

Tvpe unknown. Type-localifcy, Ceylon. 

Description .—A relatively small and very slender leech, very 
rarely reaching 50 mm. in lengfch in full extension in life. A 
fully extended preserved specimen of the largest size measures : 
length, 40 mm.; length to male pore, 11*3 inm.; buceal widfch, 
1*6 mm.; width at male pore, 3mm.; maximum width (XXIV), 
4mm.; buccal depth, 1*5 mm.; depth afc male pore, 2*7 mm.; 
maximum depfch (at XXI), 3’6 mm.; caudal sucker, 5x5*4 mm. 
A large speciraen in contraGtion measures: length, 23*8 mm.; 
length to male pore, 6*5 mm.; buceal widfch, 8*4 mm.; width at 
male pore, 9 mm., maximum width (XX), 11 mm.; depth at 
male pore, 2*7 mm.; depth at XX, 3*4 mm.; sucker, 5 x 5*5 ram. 
The greafc majority ot' preserved specimens are less than 15 mm. 
long. These have very little or no blood in the sfcomach. 

Form in life and vvhen extended round and very slender, 
“ thread-like,” or, afc mosfc, of fche “diatneter of a knitting needle,” 
tapering very regularly from the caudal sucker to tke buccal ring, 
beyond which the head raay be somevvhafc expanded or not^ 
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caudal sucker usually exceeding the body diameter somewhat. 
Contracted specimens much more depressed, with the greatest 
width further forward at about XX, tbe venter flat or slightly 
concave and the dorsum strongly convex, both eephalic and 
caudal suckers much less than body-width. When fully gorged 
with blood they are very much larger, both in length and diameter, 
and flask-shaped, the caecal region being distended and stretched 
to the utmost, the preclitellar region forming a narrow neek. 

Head (fig. 59) distinctly triangular, the lip prominently pointed 
in extension, broader and more rounded in contraction, the sides 
convex ; unsegmented margin of lip well developed, divided into 
numerous granule-like areas. Dorsum of bead usually rougher 
than on H\ montana , the tessellae being more prominently elevated. 



Fig. 59 .—Hcemadipsa zeylanica. Somites I-VI, from dorsum. X 25. Somite 
notation on left, annuli on right; stippled band is median yellow stripe, 
circles ©yes, and crescents other sense-organs. 


Yentral face finely granular, sometimes unfurrowed, but usually 
with a pair of longitudinal furrows bounding a pair of lateral 
lobes; a deeper median fissure extending from the dorsal angle 
of the moutb to the tip of the lip, or more eommonly fading out 
in the anterior half, leaving a broad undivided anterior median 
area. Lateral labial lobes broad, rounded ridges extending from 
the margins of the head to the sides of the mouth. Caudad and 
laterad of these are the lateral buccal lobes ending just within the 
sides of the lip in two fleshy sub-lobes and with a membranous 
frill along the buccal ring, but less developed than on H '. montana . 
Moutb triangular, bounded by the three triangular lobes con- 
stituting the veluin. Buccal ring constituted of all of somite Y, 
the furrow a2/a 3, while continued on to the latero-ventral face, 
becoming obsolete in the mid-ventral field. Eyes large and con- 
spicuous, on annuli 2, 3, 4, 5 and 8, arranged in the usual manner, 

s 
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the second pair largest, the others following in the order o£ 1, 3, 
4 and 5. 

Clitellum indicated externally only by a greyish or yellow 
colovation extending over the fifteen annuli, X 65to XIII a2 
inclnsive. Gonopoves both sinall, round orifices strictlv in the 
furroxvs, the male at XI 6 5/6 6, the f emale at XII b 5/6 6. 
Nephropores seventeen pairs, on the margins immediately anterior 
to the marginal papillae, the first pair stated hy Whitman (1886) 
to be on the caudal border of VIII a 1, the last on XXIV a 2, 
beueath the anterior lobe of the auricle, and the otliers as usual 
on b 2. Anus on XXVII, small, often partly eoncealed betvveen 
tvvo rather large projecting areas of XXVII. Auricles of medium 
size, fitting closely to the dorsal face of the sucker, trilobate, the 
lobes representing the marginal papillae of XXIV, XXV and 
XXVI a 2, each bearing a translucent, membranous appendage, 
the first largest and projecting forvvard, the second a mere point, 
and the third a truncated triangle. 

Fuvrow-pit$ in this species require further study. They are 
rarely discernible, and it is doubtful if they represeut anything 
more than a deeper retractiou of the furrovvs by dorso-ventral 
muscles attached at these points. They appeared on only one- 
fifth of several hundred examined, in the dorso-intermediate field 
of furrovv 6 2 /a 2 of somites IX, X, XI and XII. 

Caudal sucJcer broadly ovate, slightly longer than vvide, the 
cephalic border slightly pointed by the prolongation of the median 
pair of rays as a papilla, often slightly hooked ventrad and 
varying greatly in size. This papilla is capable of extension and 
ventral flexion, and varies much in size in different specimens. 
In every one of forty-five specimens from Cochin State it is a 
very prominent triangular process, usually strongly bent ventrad, 
and is almost as vvell developed in the same race from other 
localities. Dorsal surface strongly and roughlv areolated, the 
polygonal areas arranged in four and part of a fifth irregular 
•circular rovvs. Ventral surface vvifrh a central depressed areolated 
region, and a strongly ribbed peripheral zone, vvith from 66-74 
'(usually 71-73) ribs ending in small marginal papillaB. These ribs 
are not strictly radial in arrangement, but form a series of nearly 
symmetrical pairs, most of vvhich pass anterior or posterior of the 
«centre. 

Annulation .—Somites I to IV, vveakly annulated owing to the 
Irregularities of the areoli (fig. 59). Beginning with V a 3, the 
annuli are clearly defined by deeper furrows and each is divided 
by shallow longitudinal furrows into small more or less quadrate 
areas bearing small sense-organs, the number in the circumference 
of annuli of complete somites varying between forty-five and fifty. 
The following is the usual arrangement: Somite I consists of tw T o 
or three pairs of small subcircular areas which may be asymmetrical, 
but rarely include a strictly median area. II, a pair of large 
ocular areas bearing the first pair of eyes and usually a smSl 
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post-ocular seuse-orgnn, aiul one or two small marginal areas on 
each side; a common variation is the separation of* this post- 
ocular seusory part as a distinct small area on one or both sides. 
Of one hundred examined for this character twelve showed it in 
greater or less degree. In cases where these supplementary areas 
are largest they have the effect of displacing the succeeding 
interocular areas caudad, resulting in various irregularities, the 
inost 'noteworthy being an apparent incipient biannulation of 
somite IV, the observation of wliich condition is probably what 
led Kaburaki to fail to discriminate between this species and 
H % sylvestris . III cousists of the second pair of oeulars, larger 
than the first pair, a marginal or two on each side and one or two 
pairs of interoculars which present frequent variatious and irregu- 
larities. IV, third pair oculars, usually two pairs marginals and 
two or three pairs of interoculars, the latter being disposed 
typically in a transverse row, but presenting many variations, 
among them a rare median area. V is biannulate, the first annulus 
consisting of the fourth pair of oculars, a variable number (up to 
eight) of small marginals, more or less in two rows, aud usually 
three pairs of interoculars in a regular transverse row. V a 3 is 
a complete annulus divided into quadrate areas perfectly aligned 
and uniting with (a 1, a 2) only in the mid-ventral field. Of more 
than two hundred specimens from Ceylon studied, not a single 
one exhibited any areas intercalated betweeu the third and fourth 
pairs of eyes, and only seven had median areas, usually a single 
one on II or III, or between the median pairs of both of these, and 
in one case one iu each. In two cases one and in one case both 
of tlie parauiedian areas oL' IV and V are coalesced into a large 
area extending across both annuli. In only three cases is there 
any iudication, and this very incomplete, of the subdivision trans- 
versely ot* the iuterocular areas of the first annulus ot' V All of 
these areas bear either segmental sensillae or non-segmental 
sense-orgnns, whicli, on the interocular areas, are nearly as large 
as the sensillae. 

VI is triannulate (a 1=« 2=a 3) all around, except for a slight 
reduction of a 1 and a 2 and the furrow a \/a 2 in the mid-ventral 
field; fifth pair of eyes on a 2. VII is quite similar except for 
the absence of eyes and of reduction in the mid-venter. VIII 
quadrannulate (a l>a 2>b 5 = 6 6). IX quinquannulate (51 = 
52=5 5=6 6<a 2). X-XXII quinquannulate (5 1 = 5 2=55= 
6 6<a2). On these complete somites the neural annuli are not 
only slightly longer than, but project beyond, the other annuli. 
On the ventral surface the infersegmental furrows are deeper than 
the others, and the 3-2 (51-f5 2-f-a 2) (5 5 + 5 6) grouping of the 
annuli is often obvious. XXIII is also quinquannulate, but 5 5 
and 5 6 are reduced (a2>51=5 2>55=6 6). XXIV is trian- 
nulate (61 = 6 2>a 2); 61 and 6 2 are somewhat shortened and 
united at the margins, a 2 hears the first auricular lobe and the 
last pair of nephropores, and a3 is suppressed. XXV and XXVI 

s2 
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are uniaunulate, eacli beariug an auricular lobe and the dorsal 
sensillae. XXVII is uniannulate, very small, iucludes the apus, 
and may unite with XXVI at the margins. 

The areas on the complete somites are Jess elevated tlian on the 
head and caudal region, but appear rougher than on the corre- 
sponding regiou of H. montana. SensilJaB are six dorsal aud six 
ventrai pairs, the marginals being absent. The dorsai paramedians 
and intermediates, though well developed, are less elevated on 
papillse and less prominent on the Cevlon subspecies than on some 
of the otliers. During life the white or pale colour makes them 
conspicuous. 

Colour .—Living colour (Pl. IV, fig. 7) of the typical Ceylon 
pattern a rich reddish-brown both dorsally and ventrally, finely or 
coarsely spotted with black, generally more profusely towards the 
margins and on the borders of the median line. Narrow median 
and paired marginal stripes of pale bright lemon or yellow both 
continuous for entire length and flanked more or less by black 
flecks. Aurieles nearly colourless and ventral faces of suckers 
dusky. Sensillae appear as whitish or colourless points. Schmarda 
has described uniform brownish and yellowish-grey varieties from 
Ceylon, and Blanchard, Kaburaki, et 'al., other varieties from 
elsewhere. Of about eight hundred specimens from Ceylon 
examined by me all but one are of the tvpical pattern. The black 
mottling is sometimes so heavy that collectors have described the 
living colour as black or chocolate. Preserved specimens more or 
less faded buff or reddish-yellow, the warinth of the shade differing 
individually, generally sliglitly less reddish on the venter and in 
preclitellar region. A narrow median dorsal field, slighily paleiv 
free from spots and on all of these specimens lacking a median 
dark stripe. Marginal stripes clear pale 3 r ellow. Elsewhere on 
the dorsum a pair of broad lateral fields, and on the venter the 
entire surface, marked more or less tbickly with irregular, sprawly, 
black, dusky or dark-brown spots, sometimes confluent, and without 
any obvious plan, usually somewhat less numerous on the venter r 
and on both surfaces variable in size. On the dorsum the spotted 
areas usually extend from the third pair of eyes to the sucker; 
on the venter from the post-buccal to the sucker. Nephridial 
auricles and immediately surrounding area pale and unspotted.. 
Ventral faces of both suckers greyish, unspotted. This is the 
typical zeylanica pattern which appears to be absent or rare on 
the Asiatic continent, where it is replaced by closely related 
forms tentatively designated as loeal races and subspeeies. 
describecl beyond. 

Digestive System .—Jaws three, short, high, very strongly eonvex,. 
narrowly compressed, without papillsn. Teeth 71 to 76 pn median 
jaw, 68 to 72 on paired; the largest about 0*0235 mm. by 
0*0053 mm., slender, acutely conical, slightly curved with small 
bilobed bases; the others tapering, by the gradual reduction of 
the point, until nothing is left but the basal pieces in distichous 
series. Pharynx occupies the full length of VIII and IX, and is^ 
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broadly fusiform or subcylindrical, with six broad, thick, longi- 
tudinal folds, whicli in some specimens are much larger than in 
H . montana. Stomach with a single pair of cseca in each somite 
from X to XIX inclusive, the first nine pairs confined within 
their somites, simple, unbranched, and scarcely lobate, the last 
reflexed by the side of the intestine and reachiug to XXIV, more 
or less sacculated. 

Reproductive System .—Testes ten pairs, XIII/XIV to XXII/ 
XXIII, inelusive, situated as usual, spheroidal, about 0*5 mm. in 
diameter in mature examples, each with a brown botryoidal spot. 
Yas deferens much folded and irregular with glandular covering, 
extending fonvard to ganglion XII, becoming very slender and 
arching medio-caudad to join the anterior end of the lateral limb 
of the epididymis. Epididymis a loosely folded, widened, 
U-shaped mnss of tho sperm-duct extending through part of 
soinites XI and XII by the sides of the atrium and vaginal sac. 
The lateral limb receives the vas deferene, and the medial limb 
ends anteriorly in the higlily lustroua ductus ejaculatorius, 
which includes a sinall fusiform bulb and opens by a short, narrow 
duct into the enlarged prostate region of the atrium. Atrium as 
usual in the genus, small, pyriform, scarcely rising above level of 
the nerve-cord, deeply buried along with the atrial cornua and 
ducti ejaculatorii in a loose mass of unicellular glands. Penis- 
sac short, narrow and tapered; prostate spheroidal and smootli. 
Ovisacs on each side of nerve-cord in caudad end of somite XII. 
As is the case with the ducti ejaculatorii, either ovkluct inay pass 
beneath the nerve-cord. No distinct albumin giand. Common 
oviduct slightly tortuous, on dorsum of vaginnl duct, and opening 
close to it into the anterior or distal end of the vaginal sac, a 
prominent papilla on the inner surface of the latter marking the 
point of entrance. Ovving to tliis relation the vaginal sac 
approaches the caecal form of Birudinaria. Its size and pro- 
portions vary considerably, but generally it is short, subcylindrical, 
or sausage-shaped, about. twice as long as wide and reaches to the 
caudad end of XVI. Yaginal duct narrovv and perfectly straight, 
passing froin the end of the sac ventral to the entrance of the 
oviduct, directly to the external bursa; diameter about one-tenth 
length, which is about one-third length of sac. 

Geoyraphical Distribution and Bionomics .—As comprehensively 
uuderstood by Blanchard (1917), Kaburaki (1921) and others, 
this species has an extensive range throughout south-eastern 
continental Asia and the Oriental islands from Japan on the north 
throughout the Philippines to the Malay Archipelago and neigh- 
bouring island groups. This range covers 60° of longitude aud 
50° of latitude, and reaches from sea-level on Ceylon to above 
12,000 feet in the Himalayas. Obviously many of the refereuces 
included by these authors are to forms other than the species as 
here understood, but I am not prepared to discuss them critically 
at the present time. 

Within the geographical liinits of the present book the typical 
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subspecies appears to be confined to the island of Ceylon, not a 
single example occurring in the extensive collection o£ land- 
leeches frorn most parts of the Indian mainland. On the other 
hand, every one of upwards of eight hundred Ceylonese specimeus 
conforms to the diagnosis of this subspecies. Both Tennent and 
Schmarda refer to a second species, the occurrence of which 
Whitman denies, and of which I find no evidenee whatever. 
Land-leeches are abundant over a Jarge part of the island and 
especially so in the low, moist hill-country. Tennent (1860, 
p. 302) states they are not frequentin the plains, which are too hot 
and dry for them ; but amongst the rank vegetation in the lo\ver 
ranges of the hill-country, which are kept damp by frequent 
showers, they are found in tormenting profusion. 

Schmarda (1861, p. 3) reports them as found in all parts of 
Ceylon both on the plains and in the mountains to 3000 feet, 
rarely above. Haeckel’s statement, already quoted (p. 245), is in 
accord with this. Whitman has a MS. note to the effect that in 
Cevlon their range does not much exceed 4000 feet, and there is 
much other testimony to the same effect. If these statements are 
entirely reliable, it, is probable that these Jeeches have recently 
extended their vertical range, for not only are Ihere many speci- 
mens from Gralle and Colombo, near the coast, and from moderate 
elevations at Kandy and Peradeniva, but there are also two lots 
from higher altitudes: Pattiola, 6200 feet, and Horton Plains, 
7000 feet, both collected by S. W. Kemp in December 1913 and 
both taken from frogs. In addition there is the following direct 
statement of Petch (1919, pp. 79, 80):—“ While leeches drive one 
from the jungles of (say) the Ratnapura District, the up-country 
jungles are generally free from thein. But a close acquaintance 
with the country around Hakgala during nine years leads to the 
conclusion that they are gradually migrating upward. In 1906 
the first leech in the Hakgala was found at the bottom of the 
vallev below. In 1909 tliey had gradually extended their range 
until they were abundant in the last ravine bounding thegardens, 
and remained abundant at that point. In 1912 they were common 
below the laboratory in grass, but not at the Bungalovv (elevation 
6500 ft.). In 1913 one vvas found above the Bungalovv.” 

While numerous accounts of the intolerable pests that these 
leeches are in Ceylon have been given by visitors to that island, 
and while far more is known of this than of any other land-leech, 
our knovvledge is still very far from complete. Nothing has been 
published concerning its breeding habits, and we are almost as 
ignorant of its seasonal changes in habits, its precise method of 
locomotion, its informing senses and various other aspects of its 
behaviour and natural history. Among the best of these accounts 
are those of Knox (1681, pp. 48, 49), Davy (1821, pp. 102-105), 
Tennent (1859-1861, pp. 301-305 and 479-483) and Haeckel 
(1883, pp. 138, 139). Excellent compilations from tbeseand other 
sources are given by Whitman (1886, pp. 319-349), Shipley 
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(1916, pp. 176-181), and Blanchard (1917, pp. 657-661), in 
additiou to much new niatter relating to i/. japonica , which 
Blanchard considered identical with thepresent species. W hitman y 
in the best account of the strueture and activities of a land-leecli 
ever given, adds some personal observations made dnring a visit to 
Ceylon. 

As Haeckers account is far less kno\vn than the others a fe\v 
additional extracts may be quoted:— 44 When they have sucked 
their fill they are about as large as an ordinary leeck; but when 
fasting they are no thicker than a thread and scareely more than 
half an inch long. They vvriggle throiigh the elastic texture of a 
stocking \vith the greatest rapidity. Often the bite is felt at the 
time, but as ofteu it is not. . . To deter the Jeeches from biting 
and to cure the \vounds lemon juice, carbolic acid and alcohol are 
recommended. The result of the bite is very different with 
different persons. Those who have a tender skin—and I am 
unfortunately one of them—feel a painful throbbing in the wound 
for some days, and a more or less disagreeable inflammation of the 
surrounding skin. As the leeches by preference attack these 
inflamed and irritated spots with fresh bites, the wound by 
constant aggravation often becomes so serious as to be even 
daugerous. AVhen the English seized Kandy in 1815 they had to 
toil for weeks Ihrough the dense jungle of the damp hill-country, 
and they lost a great many men from the incessanfc attacks of 
swarms of leeches. In neighbourboods \vhich are most infested by 
them the Europeans wear leech-garters, as they are called, as a 
protection—higli overalls of India rubber, or of some very thick 
material \vhich cover the shoes and nre secured above the knees. 
I protected myself in the jungle by painting a ring of carbolic acid 
round above very high huntingboots, and thisline the leeches never 
crossed. In some parts of the island, ho\vever, the swarms of 
leeches make any loug stay almost impossible.” 

To most persons the bite is quite painless, and often they become 
a\vare of the attacks of the Jeeches only by seeing the blood flo\ving 
or, as Tennent states, actually welling over the tops of the victims , 
boots. Others mention a slight or even a severe and prolonged 
itching and others a sharp pain. There is much testimony con- 
cerning the frequent infection of the wounds. Eor example, 
Tytler (1826, pp. 375-377) describes cases of deep-seated ulcers 
resulting in permanent crippling as a consequence of bites. 
Shipley (1916, p. 181) quotes Dr. E. J. JDrummond as stating 
that “ the bite is often septic, and that it often leads to a serious 
abscess which is long in healing. He recommends pushing a 
match, which has been dipped in carbolic acid, well home into 
the 8inus made by the leech^s head.” And many \vriters and 
physicians practicing on the island mention similar cases. How 
far the infection is primary and how far the result of scratching 
or other later contamination, seems never to have been investi- 
gated. 
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All observers are a unit in describing the ability of tliese leeches 
to penetrate the most closelv-vvoven fabrics. This is attributed 
to their slenderness, pointed heads and great muscularity, vvhich 
enables them to insinuate themselves through the finest interstices 
or minutest openings. Probably an important additional factor 
is their ability to sever obstructing threads vvith the jaws. Their 
prowess in this respect is attested by Green (1907, p. 191), who 
vvrites:—“ I happened to imprison a full-grown leech in one of 
the glass-topped cardboard boxes commonly employed by entomo- 
logists. Twenty-four hours later, the leech was found to have 
escaped through a hole perforating the double stout card (fully a 
millimetre in thickness). The hoie measured 10 mm. in longest 
diameter and was cleanly cut, the excised portion having apparently 
been reduced to povvder.” 

Besides Man and the domestic animals the Ceylon leech is 
reported as attacking frogs, but doubtless they stop at no verte- 
brate that offers a meal of blood. Prof. Arthur Willey vvrites 
that they enter the nares of dogs. Several observers report that 
a considerable length of time (Whitmau says thirty or forty 
rainutes for the Japanese leech) is required to feed. They swell 
up like ticks to the form of a grape, fall off, seek shelter, and 
become sluggish and quiesceut. Miss Robertson (1909, p. 679) 
states that all land-leeches found abroad in the jungle are empty. 
Those containing blood are never met vvith. This indicates that, 
like other leeches after feeding, they become negatively photo- 
tactic and retire to places providing darkness and shelter. Only 
hungry leeches range and rage abroad. Whitman states that after 
feeding tbey enter water more readily, and that a Ceylon leech 
was kept immersed in vvater for thirty days without iujury. 
Their dependence upon moisture and their disappearance in dry 
vveather are well knovvn. Tluis Knox (1681, p. 48) states: “In 
dry vveather none of them appear; but immediately upon Ihe fall 
of rain the grass and woods are full of them.” It may be that the 
change in range indicated above is related to increasing humidity 
in the area invaded. 

The above account is based upon the examination of over eight 
hundred examples of the typical subspecies received from Ceylon 
through various sources. This subspecies very rarely, if ever, 
occnrs on the Asiatic mainland, but it is abundant in the Philip- 
pines. H . japonica is probably a subspecies only, unless Prof. 
Whitman’s original material included specimens of H . sylvestris, 
as his account of the number of teeth, the colour-pattern, etc., 
indicates may have been the case. In this case there would be 
some uncertainty concerning the application of the name. In any 
event, some examples of the common Japanese mountain leech 
sent bv Prof. Oka certainly difier from H. zeylanica ouly sub- 
specifically. 

The distinct forms reeoguized as occurring within the scope of 
this book are as follovvs :— 



HJEMADIPSA. 


265 


Key to Subspecics of Hcemadipsa zeylanica. 


These eharacters will serve to distiuguish at least 95 per cent. 
o£ the individuals taken within the tvpical areas; the others may 
be intermediate in one or more respects* 


a. Prehensile sucker papilla large and prominent, 

apparently a permanent structure. 

1. flead tessellas irregular and variable, median 

ones frequently present and more rarely traces 
of areas between eyes 3 and 4 ; colour-pattern 
mottled with black above and below, no paler 
mediau dorsal tield, but constantly a blaek or 
dark stripe. Cochin State and vicinity. .. 
aa. Prekensile sucker papilla constantly present, but 
varying greatly in size and prominence, ap- 
parently with functional activity. No areas 
intercalated between eyes 3 and 4, except as a 
rare variation. 

b. A median dorsal yellow or greenish-yellow line. 

2. Head tessellae very regular, median areas nearly 

coustantly absent and areas intercalated be- 
between eyes 3 and 4 very rare; colour usually 
reddish-brown or orauge but variable, very 
constantly mottled witk black. Ceylon 
bb. A median dorsal black or dark line very constant, 
in a paler median tield. 

3. Median liead tessellse very frequently present, 

but no areas between eyes 3 and 4; ground- 
colour variable, but dark-blotchedpattern con- 
staut. Western flimalayas (Naini Tal) 

4. No tessellae on median line of liead or between 

eyes 3 and 4 ; ground-colour variable aud dark 
8pots or blotckes absent or obscure. Eastern 
flimalayas (l)arjeeling) 


cochiniana. 


ze.ylanica. 


agilis 


montivindicis. 


H. zeylanica cochiniana, uew subspecies. (Plate IX, fig. 36.) 

Diaynosis .— Size and form, general external morphology and, 
when l’arely present, furrow-pits as iu zeylanica. Colour mottled 
on both faces, no paler median dorsal field or line, but constantly 
a median dorsal dark stripe. Tessellae on head commonly irregular, 
median areas much more frequent than in zeylanica , occurring 
•on one or more somites of t\venty-two specimens and forming 
a complete series on one. Some traces of areas intercalated 
between the third and fourth pairs of eyes occur on more than 
fifty. Usually these are faint and little developed, and in many 
cases it is impossible to decide whether they should be assignedto 
IV or to Y, but in three .cases there is a nearly or quite complete 
transverse row approaching the condition characteristic of H. 
montana and H^ sylvestris , but obviously representing IY a 3. 
The most striking characteristic is the large size of the prehensile 
papilla. It is prominent in every one of seventy-four specimens 
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and very prominent on nearly all, being a large, triangular, sharp- 
pointed process strongly hooked or benfc ventrad and haviug every 
appearance ot‘ being a permanent structure and nofc in large parfc 
a facultative one as in other subspecies. Sucker rays 66-74. 

Type in Indian Museum. Kavalai, Cochin State ( FN, Gravely)> 
Sept. 24, 1914. 

Common in exfcreme southern porfcion of India, Cochin State, 
Nilgiris Hills, Madras, N. Kanarn, Bombay, and a few specimens 
have a Jocality named TenmaJai, which I liave been unable to 
locate. Takeu froin near sea-level to 3500 feet. Nofching speci- 
ñcally is know r n of its habits and cecology, w r hich probably do nofc 
differ from those of the Ceylon form. Ifc would be interesting to 
learn whether the highly developed prehensile papilla is corre- 
lated \vith greater facility in climbing trees or similar activity. 


H. zeylanica agilis, nevv subspecies. (Plate IY, fig. 6.) 

Diagnosis. —Size, forin, annulation and general morphology Jike 
zeylanica. Colour in life light olive, yellowish-olive, or brovvn 
wirh a broad, dorsal, paler and usually immaculate Held and a 
continuous inediau black or dark-brovvn line; elsewhere irregularly 
maculated as in cochiniana but the spofcs, usually coarser and more 
variable both in number and size ; venter siinilar bufc paler, mar- 
ginal stripes pale yellovv, white or even silvery. Head tessellas as 
in zeylanica , excepfc that median areas are more frequent in some 
lots; thus, one lot of 153 specimens exhibits a median area on 
either III or IV or both of 72 specimens, or very nearly one-half r 
but not a single one has intercalated areas between the third and 
fourth eyes. Furrovv-pits rarely apparent, but small depressions 
occasionally on IX to XII as in zeylanica ; pale spots, howeveiv 
frequenfcly appear at these points. Prehensile papilla variable, 
about as in zeylanica. Sucker rays 66-76. Dorsal intermediate 
and paramedian, segmental papillae very prominent and pale- 
coloured, as in montivindicis and japonica , larger than in zeylanica 
and cochiniana. 

Type in Indian Museum (ZEV 4034). Shigadh, Naini Tal, 
5500 feet. 

This subspecies is the common land-leech of the Western 
Himalayas, very abundant in Naini Tal and Almora. 426 speci- 
mens come from these two districts at alfcitudes of 4500- 
7000 feet, only four specimens from the Nepal Valley at 4500- 
6500 feet and none vvhatever were found among a Jarge number 
of land-leeches from the Darjeeliug District. Mr. B. Prashad 
notes their abundance about the Kumaon Lakes at 5500 feefc, aud 
Mr. A. N. Gulati vvrites that “grass leeches” abound in the 
cattle pastures and jungles near Muktesar, their upper limit being 
about 7100 feet. They attack the grazing cattle*but do not enter 
their nostrils, and he refers fco them as “ jumping” on his boofcs 
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and leggings. All of the specimens in the collection were taken 
in August, September, and October, and very little of their 
activities is recorded. 


H. zeylanica montivindicis, new snbspecies. (Plate V, fig. 8; 
IX, fig. 37.) 

Diagnosis. —Size, forni, annulatiou and general morpbology 
like zeylanica. Colour in life olive-brown, reddisb-brown or 
yellowish-brown, occasionally very dark; mid-dorsal field paler, 
with a continuous dark brown or black median line ; black spots 
iisually absent, but a fe\v obscure ones sometimes present; rounded, 
pale yellow or creain-coloured spots include the paramedian and 
intermediate sensillse; marginal stripes pale yellow, cream- 
coloured or nearly white. Head tessell® as in zeylanica , median 
areas very rarely present and areas between third and fourth eyes 
in one of 176 specimens. Purrow-pits ns in last. Prehensile 
papilla more or less developed as in zeylanica ; sucker rays 69 to 
76 or rarely 79. Paramedian and intermediate segmental papillae 
very prorainent and pale-coloured. 

Type in Indian Museum (ZEV 2268). Sureil, Darjeeling, 
5000 ft. (A. Alcock). 

Geograpliical Distñbntion and Bionomics. —Tliis is the small dark- 
coloured land-leech that so abounds in the dainp ravines and 
dripping forests of moderately high levels in the Darjeeling 
District, Sikkim and Assam, aud which is referred to resentfully 
by so many harrassed travellers who have invaded its doinains. 
Numerous small lots from many localities in this region attest to 
its abundance and general distribution. The lowest elevation 
definitely represented is 1800 feet at Ghnmti, the highest 
9500 feet in the Rongshar Valley, where it was taken by Major 
Hingston on the 1924 Mt. Everest Expedition. Hooker traced it 
still higher to 11,500 feet in the Zemu Valley. lt appears to be 
most abundant between 4500 and 7000 feet. In the Dawna Hills 
it i*8 cominon between 2100 and 2500 feet. At the higher 
altitudes it is associated with H. montana and with similarly 
coloured land-planarians and at the lower levels in Assam with 
H. sylvestñs. 

So far as the labels indicate, the collections were made from the 
latter part of March to early November. In three different cases 
those taken in March are referred to as u under stones in dry bed 
of stream ?> or “ under stones by side of spring.” Of one lot taken 
April 4th it is recorded that they were under stones on damp 
ground. No similar records are made for any other months. Of 
one lot taken at Kurseong, Darjeeling, on April 20th, Dr. Annan- 
dale notes; u Erom men’s legs in jungle. This is the common 
land-leech at Kurseong. In dry weather it remains concealed 
uuder stones in damp places, but during the rains it swarms 
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amoug the herbage in the jungle, attacking the feet and legs of 
persons as they pass by.” 

Three egg-capsules taken along with imiture examples (having 
well-inarked cliteJla) of this subspecies are the onlv cocoons of 
any of the forms of this species that have come to light. They 
were collected at Pashok, JJarjeeliug, at an elevation of 5000 feet 
between May 26th and June 14th by P. H. Gravely. They are 
neariy spherical with an externai diameter of 8-9*5 mm., the 
inner capsule being about 6 mm. and with a continuous wall, 
the outer Jayer composed of about thirty-ñve coarse, irregular 
polyhedral “ ceJls ” open at the outer ends; colour pale brovvn 
or atnber (Pl. IX, fig.. 37). 

It is to this subspecies that Hooker refers in the passage quoted 
on p. 244, and of which he further writes: “ I cannot but think 
that the extraordinary abnndance of these Auelides in Sikkim 
may cause the death of many animals. Some marked murrains 
have folJowed very wet seasons, when the leeches appear in 
incredible numbers; and the disease in the cattle, described to me 
by the Lepchas as in the stomach, in no way differs from what 
leeches vvould produce. ... I have seen cattle feeding in places 
where the leecties so abounded that fifty or sixty were frequentJy 
together on my anldes, and ponies were almost maddened by their 
biting the fetlocks ” (1854, i, p. 167, footnote). At Tanglo he 
reporcs a small black species of land-leech as swarming between 
3000 and 7000 feet. “ The bite of these blood-suckers gives no 
pain, but is follovied by a considerable effusion of blood. Tiiey 
puncture through thick worsted stockings and even trousers, and, 
vviien full, roJl in the form of a little soft ball into the bottom of 
the shoe” (p. 107). Landon (1905, p. 49) attributes the absenee 
of game from parts o£ Sildum to the abundance of land-leeches 
and also accuses them (possibly erroneously in confusion with 
the cattle-leeeh) of habitually entering the nares of the cattle. 
He writes: u To remove them a bowl of warm milk at the covv’s 
nose, a little slip-knot, and a quick haud are all that is required. 
Pourteen or fifteen successively have been tlius taken from the 
nostrils of one unfortunate heifer.” Hooker recommends snuff 
and tobacco leaves as a protection against tliem. 

These four subspecies are well defined and characteristic of their 
geographical areas. Practically all of my materiai falls under 
them. Yery few laucl-leeclies are available from the adjacent 
areas, but the fevv H ’. zeylanica cullected in them mostly prove to 
be intermediates, thus supporting the view that the four forms 
described are subspecies. This questiou, however, requires much 
further study. In addition there are three single speeimens from 
Simla Hill States, Darjeeling and Dawna HiJls that differ from 
anv of these and from one another, the status of which must be 
left open for tlie present. 
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43. H&m&dipsa montana, new species. (Plate IX, figs. 38, 39, 

40.) 

Synonymy: 

Hamadipsa sylvestris, Moora, 1924, pp. 384, 385, pl. xx, fig. 19 
(Palui Hills, Madras). Not Hcemadipsa sylvestris , Blanchard, 
1894. 

Hcetnadipsa zeylatiica , Blanchard, 1917 (in part). 

Hcemadipsa zeylanica , Kaburaki, 1921, et al. (in part). 

Diagnosis. —Size and form about as iu H . zeylanica , but sucker 
relatively soraewhat larger. Living colour unknown, but probably 
differing from the preserved colour chiefly in being redder. Colour 
of preserved speeimens yellow to rich bulf, rarely with a paler 
median dorsal field and sometimes varying to a goIden-brown, 
chocolate or eveu almost black. Markings variable, consisting 
chiefly of bold longitudinal stripes. Median dorsal black stripe 
and pale yellow or white marginal stripes, enlarged ventrally on 
a 2 of every complete somite, constant. One or two pairs of 
black or nearly black intermediate cbain-stripes or a black 
reticulum, and a black submarginal stripe usually present. Tliird 
and fourth pairs of eyes separated by a nearly or quite complete 
transverse rovv of areas representing V a 1 *. Caudal sucker vvith 
prehensile papilla slightly developed and 68-74 rays. Ot-her 
characters as iu the mountain forms of H , zeylanica . 

Type in Indian Museum. Near Kukkal, Palni Hills, Madras, 
5500-6500 ft. ( S . Kemp ), Aug. 31, 1922. 

Desctñption. —Mature, partly extended, individuals vary from 
14 mm. long by 1*8 mm. vvide and 1 # 5 mm. deep to 30 mm. by 
3*4 mm. by 2*9 mm. Contracted specimens are much wider and 
more depressed, one such ineasuring 14*7 by 4*8 by 3*6 mm. 
Complete measurements of a medium-sized specimen in a state of 
moderate contraction are: length, 19 mm.; length to male pore, 
4*8 mm.; buccal width, 2*2 mm.; width at male pore, 4 mm.; 
maximum vvidth (at XXII), 4*6 mm.; depth at male pore, 2*8 mm.; 
depth at XX, 3* l mm.; caudal sucker, 4*6 by 4*9 mm. A specimen 
of the same size as the latter, but fully distended with blood, 
measures 35 by 11 by 6 min., the sucker being 4*6 by 5 mm. 
Others filled with blood measure up to 42 by 15 by 11 mm. 

Form in extension slender, subcvlindrical, little depressed, 
taporing regularly near caudal end, or in life even linear and 
thread-like; in the latter condition both suckers often expanded. 
In contraction much more depressed, vvith the maximum vvidth 
further forward. Texture very firm and hard, far less plastic 
than most javved-leecbes, owing to the great developraenfc of the 
muscles and the reduction of bofcryoidal and connective tissues. 


* In a recent paper (1924, p. 384) I designated fchis annulus as IY a 3, 
following Blanchard in assiguing it to the preceding somite, and it is possible 
that this is the correct iuterpretation, as it conforms to the general rule of 
somite elaboralion. 
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When filled with blood they are bottle- or flask-shaped, somites 
I-VIII formingthe unenlarged neck and the cjeciferous segments 
the distended body 

The 7iead (fig. 60) is ordinarily triangular and pointed, but on 
contracted specimens is broadly rounded into the lateral outlines 
of tlie body. The unsegmented margin is unusually wide and 
apparently very mobile, granular, and bears numerous labial 
sense-organs. Dorsum of cephalic region very strongly areolated 
of rounded tessellse, much more prominent than those on the 
body generally, and arranged in transverse rovvs representing 
the aunuli and somites. Eyes five pairs, similar to those of 
H. zeylanicci but apparentlv not quite so prominent, borne on 
areas much larger than those not eye-bearing. The first three 
pairs of eyes on the contiguous annuli 2, 3, 4, the fourth on 6 
aud separated froin the third pair by a nearly or quite complete 
rovv of annuli constituting the fiftli annulus (V a 1), and the fifth 
pair on annulus 9. 



Fig. 60.— Hamadipsa, montana. SomitesI-VI,fromdorsum. X 12. Irregular 
stippled areas are the beginning of the paired chain-stripes; stippled 
cylinders, eyes and small circles, other sense-organs. 


Ventral face ot' lip aud roof of oral chamber either smooth or 
finely granular, with only very shallow, longitudinal furrows, the 
median fissure limited tu the caudal half, becoining deeper and 
wider as it merges with the median jaw recess. Lateral buccai 
lobes within the buccal margins of the -cephalic sucker, but 
sometimes projecting prominently. Specimens with the' mouth- 
parts more relaxed present the following couditions:—There is 
an anterior medial trapezial or kevstone-shaped, finely granular 
or vvrinkled area, separated laterally and caudallv by a pair of 
shallow furrows, from smooth, elongated lateral areas which 
extend obliquely froin the border of the lip at somite III, where 
they are very narrovv but gradually become broader, to the median 
fissure and paired lobes of the velum. A pair of deeper furrows 
bounds tbese areas latero-caudally and separates them from the 
lateral buccal lobes formed by sornite IV. Lateral buccal lobes 
triangular, with tbe apex at tbe lateral angle of the mouth and 
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the base projecting as two fleshy lobes just within the sides of the 
buceal ring; divided into two lobes by a furrow and continued 
along the buccal ring by a free fold or frill. Ventral or basal 
side ot' velum a small, tumid iobe enclosed \vithiu the buccal ring. 

Clitellum visible externallv only as a greyish or yellowish 
coloratiou extending over the fifteen annuli from X 65 to XIII 
a 2 inclusive. G-onopores separated by five annuli, the male 
at XI 6 5/6 6, the feinale at XII 6 5/6 6, both strictly in the 
furrovvs and simple, small, round orifices. Nephropores mostly 
concealed in the furroxvs, but situated, as iu H. zeylanica, on the 
marginal line of the caudal border of annulus 62 or its homolog, 
of soinites XI to XXIV, the last pair beneath the anterior lobe 
of the nephridial auricle. Nephridial auricles conspicuous both 
on account of large size and pale colour, trilobate, supported on 
XXIV a2 XXV, and XXVI, the first aud Jast being broad and 
truncate, the middle one much smaller, narrovv and pointed. All 
three are thin and flat and fit closely to the sucker, leaving 
between them two small rounded openings. Anus a minute 
opening bet\veen the last annulus and the sucker. Caudal sucker 
relatively sliglitly larger thau on H, zeylanica , little exposed 
behind the body, roughly areolated above, the area in 4 or 5 
ro\vs, slightly longer than wide, with a slightly pointed projection 
(preheusile papilla) anteriorly, tlie venter with strongly marked 
radiating ribs, 69-71 (in two individuals 74, in one 68) liot 
extending into the aieolated area caudad of the centre. 

Annulation in general closely similar to that of II. zeylanica , 
the furro\vs deep aud the rings prominent and outstauding; 
areolated but less prominently and roughly than H. zeylanica , the 
areas being marked ont by short longitudinal furro\vs, but except 
on the hend and caudal sucker not prominently elevated. On 
middle somites there are about fifiy of these areas ou the entire 
circumference of each annulus, equally dorsal and ventral, and 
each bears a small, \vhite, simple sense-organ. On sensory annuli 
the mefameric seusill® stand out conspicuously, both because 
of the larger size and conspicuous white or pale colour of the 
papillse and because of the size and contrasting translucency of 
the sensillae themselves. They are of the same number and 
arraugement as in H. zeylanica , both dorsally and ventrally. 
and the dorsal paramedian and intermediate papillae are of 
especially large size and prominence. Not infrequently on the 
venter «»f contracted specimens the inter-segmental furrows are 
obviously deeper than the others, aud the annuli fall into the 
primary 2-1-2 groups or even the 3-2 groups, as indicated by 
the depth of the furrows. On complete somites the sensory 
annuli (a 2) are not only longer than the other aunuli, but project 
above them, and this, combined with the large size and pale colour 
of the seginental papill», gives to these annuli a striking pro- 
minence, less marked, however, than in H. zeylanica montivindicis. 

Somites , with the exception of V, are constituted essentially as 
in H. zeylanica , as follows:— 
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I consists of a preocular row of four to six small areas and 
presuinably the apical portion of the wide unsegmented margin 
of the cephalic sucker. II consists chiefly of a pair of enlarged 
areas bearing the first pair of eyes, wbich are usually in contacfc 
medially but sometimes separated by a sinall infcerocular area or 
two, as in the one figured ; also an indefinite group of one or 
more small areas laterad of the eyes. III ha3 a pair of still 
larger oculiferous areas iu agreement with the larger size of the 
eyes, a small lateral group similar to that- of II, and an inter- 
ocular group (rarely incomplete) consisting of a pair of areas of 
moderate size bearing the paramedian sensill», and in most cases 
one or tvvo small areas variously arranged in tandem between the 
latter, all of these forming an irregular transverse row. IY 
consists of a pair of oculiferous areas somewhat smailer than 
those of III and bearing the third pair of eyes, a searcely inferior 
pair bearing the paramedian sensillse and, alternating with these, 
smaller, median, intermediate and marginal areas, the first tvvo 
pearly always consisting oi' two in tandem, the lasfc of two trans- 
verse rovvs of vnrying number. One of the lateral group bears 
supra-marginal sensillse. Iii this arrangement sounte IV exhibits 
an incipient biannulate constitution. Y is definitely biannulate 
and incipientlv triannulate on the dorsum, and forms the buccal 
ring ventrally ; a 3 is the first definitely distinct annulus, and the 
furrovv separating it from the larger anterior annulus continues 
well on to the venter, but disappears in the median field. 
Throughout it is divided into very regular squarish areas, less 
convex than those on precedirjg annuli, and each bearing a small 
sense-organ. The first annulus of Y consists of a pair of oculi- 
ferous and a pair uf paramedian sensilliferous areas occupying 
the entire lengtli of the annulus. The remainder of the annulus 
consists of a complete transverse rovv of small irregular areas of 
various sizes extending across the entire width of the posterior 
part of the annulus, which, with the oculiferous and paramedian 
areas, may be considered to represent a 2, and an anterior and 
still more irregular and variable row representing a 1. The mosfc 
constant element of this latter row is the porfcion laterad of the 
paramedian area and extending betvveen the fchird and fourfch pairs 
of eyes and laterad of the latter to the sides of the buccal ring. 
Almost equally constant is a median group, often sharply distincfc 
from the posterior row, and consistiDg of a pair of rather large 
areas bearing sense-organs approaching the paramedian sensillfe 
in size and usually separated by one or even two much smaller 
areas. There is rnuch variation in the exact arrangement and 
number of these, and in some cases there is uncertainty whether 
a given area should be attributed to IV a 3 or Y a 1. Somite VI 
is trianriulate (al=a2 <a3), the furrow al/a2 continuing on 
to the ventral side, but becoming very shallow in the median 
field; fifth pair of eyes and a full set of dorsal and ventral 
sensillse on a 2. YII similarly triannulate. VIII quadrannulate 
(al >a2>65=6 6); full number of areolse developed on this 
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somite. IX-XXIII quinquannulate (6 1 = 6 2 < a 2 > 6 5=6 6). 
On XXIII, 65 and 6 6 are somewhat reduced in size and the 
furroxv is shallowet* tluin on preceding somites. XXIV triannu- 
late (61=6 2< a 2j, a 3 apparently being entirely suppressed, as is 
indicated by the position of the sensillee on a 2, the seventeenth 
pair of nephropores on the caudal margin of 6 2 beneath the first 
lobe of the nepliridial auricle, which is borne on a 2, and the 
distribution ot' pigment. XXV, XXVI and XXVII each uniannu- 
late, all bearing seusillee and the first two the seeond and third 
lobes, respectively, of the nephridial nuricle, whieh may have 
arisen out of the marginal sensilliferous papillaj. XXVII is 
much reduced and precedes the very small anus. 

Colour .—Living colour unknown, but probably differing chiefly 
in being redder. Colour of preserved specimens variable, partly 
blotched, partly striped and partly a combination of these 
patterns. One lot of specimens from the Palni Hills presents a 
very heavily blotched or reticulate pattern of brown and yellow, 
the general effect being darker or lighter according to which 
predominates. When dark the ground-colour is a rich medium 
golden-brown, chocolate or almost black, when pale it is buff or 
yellow, the spots being the reverse, and in no case is there a paler 
median field. Pigmentation is usually heavier toward the caudal 
end and lighter on the venter. Marginal stripes are very pale 
yellow or white and widen irregularly on the sensory annuli to 
include the submarginal and sometimes thesupra-marginal sensillae, 
iuvariably ceasing at the end of XXIII, hut represented by a 
white or pale yellow spot on XXIV a 2, XXV and XXVI, which 
includes the greater part of the nephridial auricle. On some 
specimens a more or less well-defined, median dorsal, dark brown 
stripe extends from II to XXVI inclusive, and in others there is 
a marked tendency for the pale spots to eoalesee into larger areas 
in the intermediate field of alternate segments. 

A more frequeut pattern, represented by the examples collected 
by Major Hingston in the Himalayas, combines the reticular wdth 
the longitudinally striped pattern. In these the ground varies 
from a yellow to a rich buff,often distinctly reddisb, especially on 
the venter, and in all cases continuing uniformly across the 
mediau dorsal field. When the linear pattern is most clearly 
defined there are seven dorsal dark stripes, a narrow, sharply- 
defined, brown, dark-brown, or black median stripe continuous 
for the entire length from the first pair of eyes to the anus, 
a pair of narrow, sharply defined dark brown or black supra- 
marginal stripes continuous from about soinite VI to the 
nephridial nuricle, and two pairs (paramedian and intermediate) 
of broader and less definite, chain-like or reticular, brown or 
dusky stripes which usually coalesce at the anterior end and 
break into irregular spots at the caudal end. The venter is nearly 
uniform yellow or buff and immaculate, usually more reddish or 
more dusky than the dorsal ground-colour, with well-defined 
dusky or black submarginal stripes vvhich become wider and 

T 
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more intense as a series of quadrate spots alternating \vitb the 
segmental enlargements of tbe marginal stripe. The latter being 
white, or nearly so, stand out very conspicuously in contrast to 
the dark supra-marginal aud submarginal bordering stripes. They 
begin at the buccal region and end abruptly ou XXIII a2, and 
are more or less enlarged on a 2 and b 2 of each somite by ventral 
extensions to or including the submarginal sensillse, and in some 
cases by dorsal extensions to include the supra-marginal sensill» 
also. Caudally they are sharply limited by a black or dark spot 
at the point wbere the supra-marginal and submarginal stripes 
unite across the margin bet\veen them and the white auricular 
areas, which are the morphological continuation of the marginal 
fields. The buccal and marginal portions of the head and a spot 
including all but the base of the auricle are white or nearly so, 
and the dorsurn of the caudal sucker is usually white or pale, with 
a few small dark spots or none. Metameric sensory papillse also 
\vhite. Ventral face of both suckers grey. 

The pattern varies as folknvs:—The median stripe may be 
intense, or become faint almost to invisibility, without being 
interrupted, or it may become broken segmentally into a series of 
dashes vvhich may shrink to mere dots, or it may be restricted in 
length by reduction at both ends. The paramedian and inter- 
mediate stripes may vary in extent or be more or less broken into 
spots at the ends, and they may be distinct, or more or less 
united, beginning intersegmentally on b 6 or b 1 and extending 
until they form one pair of broad reticulated areas. The marginal 
stripes mav be interrupted at the caudal end between the 
enlargements for a few segments, resulting in the formation or 
detached white spots. 

Alimentary Canal .—Oral chamber described above. Jaws 
three, placed as usual, very strongly compressed, thin, high, with 
strongly convex margin and no papillae. Teeth strictly mono- 
stichodont, varying in numher from 61 to 72, the larger number 
on the median jaw. They are curved, conical and acute, those at 
the central end being high and slender, about three aud one-half 
times as high as the basal diameter, 0*0196 x 0*0052 mm., rapidly 
diminishing until, at about the twentieth, the height and basal 
diameter are equal, and becoming continually lower and smaller 
until those at the peripheral end become almost invisible and 
subside into the cuticle. 

Phavynx short, compact, subcylindrical, extending through 
VIII and part of IX, with three sets of mucous folds, dorsal and 
ventro-lateral, each set consisting o£ an anterior short, thick fold 
continuing the jaw-fold which fades out about the middle of the 
pharynx, and a pair of more slender flanking folds which arise 
from the anterior end 'of the latter and, diverging slightly from it, 
continue to the caudal end of the pharynx, \vhich is provided 
with an annular fold or valve. 

Stomach (Pl. VIII, fig. 40) thin-walled, reaching from somite IX 
to XIX inclusive, and provided with eleven pairs of gastric cseca, 
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one pair in each soinite. The first t\vo or pre-genital pairs are 
small and crovvded, the next four increase in size, the sixth to the 
tentli remaining uniform. All of these are simpleand unbranched 
and scarcely lobed, but are usually bent or sloped caudad into the 
succeeding somite. The eleventk pair arises in the caudal part of 
XIX or anterior part of XX and reaches to XXIV, being 
tubular, slightly sacculated, at least in contracted speeimens, and 
lying on each side of the intestine. Betvveen the caeca the 
stomach may be slightly bulbous, but t-here are no definite 
secondary caeca. Intestine simple, straight. 

lieproductive Organs (Pl. VIII, fig. 40).—Testes ten pairs, 
situated iu the usual position intersegmentally from XIII/XIV 
to XXII/XXIII inclusive, spheroidal, each with a short vas 
efferens extendiug laterally to the vas deferens, which forms a 
series of metameric loops and in soine specimens extends a short 
distance caudad of tlie last testes. Both vasa efferentia and vasa 
deferentia are unusually coarse, being covered with a thick 
glandular layer and much folded. Vasa deferentia unchanged to 
level of ganglion XII, where they emerge from the glandular 
covering as very fine, hair-like ducts extending into XI, in which 
they pass into the enlarged tubes of the epididymes, entering the 
latter on the ventral face. Epididymes rather massive, occupying 
the greater part of XI and XII anterior to the vaginal sac and 
concealing the ejaculptory ducts and atrium from above. They 
consist of a soft, smooth tube distorted by pressure, intricately 
and loosely folded into a long loop, which is again folded and the 
ends tucked into the mass. The whole is loosely held togetber 
by a connective tissue investraent. The ductus ejaculatorius 
leaves the anterior end of the epididymis and consists of a small 
fusiform enlargement (1*2x5 mm.) with thick muscular walls 
and a slender duct, either the right or the left one of whicb may 
pass beneath the nerve-cord to enter the mass of prostate glands. 
In the caBe of one disteuded with blood the epididymes embrace 
the enlarged vaginal sac, the right one covering the cephalic half 
to ganglion XV, the left one the caudal half to the end of XVI. 
Atrium very small, scarcely rising above the level of the nerve- 
cord, pyriform, about 1*5 mm. long and about half tbat in 
diameter at the large or prostate end, the whole enveloped and 
concealed in a loose mass of small unicellular glands which appear 
to open partly on the body-floor and partly into the prostate eud 
of the atrium. 

Ovaries small, spheroidal or pyriform sacs in line with the 
testes and immediately behind ganglion XII. Oviducts slender, 
nearly straight, varying in length from a little less than the 
diameter to one and one-third times the diameter of the ovisac; 
either the right or left passes beneath the nerve-cord. They unite 
without an enlarged albumin gland in a common oviduct which 
is of about the same diameter and two and one-half to three times 
as long as the paired oviduct, slightly widening, and which opens 
into the anterior end of the vaginal sac immediately dorsad of its 
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dact. Yagina sharply differentiated into duct and sac, the former 
slender, straight, cylindrical, about 0*2 mm. in diameter and 
2-2*3 min. long, leading from the end of the sac. Sac massive, 
cylindo-ellipsoidal, sometimes slightly constricted, when mature 
measuring 6*2 x 2*3 mm. to 7*3 x 3*5 mm., generally disposed 
longitudinally, in which case it will reach from immediately behind 
the atrium to end of somite XYI, or sometimes transversely, in 
which case it is usually confined to XII and XIII. 

Geographical Distribution and Bionomics. —This species, which 
was originally (Moore, 1924) mistaken for H . sylvestris , Blanchard, 
because of the presenee of a partial annulus separating the third 
and fourth eyes, is less known than the subspeeies of H. zeylanica , 
in all forty specimens only appearing in the collections. 

So far as this material indicates, it is a strictly mountain species, 
the several lots occurring at widely separated points: namely, 
Kukkal, in the Palni Hills, Madras State, at 5500-6500 feet 
elevation; near Darjeeling, at 7000-8000 ft.; in the collections 
made by Major Hingston on the 1924 Mount Everest Expedition 
at Phadma Chen at 7000 ft., and Gantok, 5000 and 9000 ft.; and 
at Sukli, ou the east side of the Dawna Hills in Burma, at 
2100 ft. The last is a solitary specimen collected by F. H. 
Graveley during the last week o£ November; the others, so far as 
noted on the labels, were collected in July and August. There is 
no specific information regarding the habits o£ this species, but 
there is no present evidence that they differ from H . zeylanica 
montivindicis , with which it is associated in the Himalayas. It is 
quite probable that some of the land-leeches met with by Hooker 
and others in the Darjeeling District were of this species, and it 
is also quite probable that it differs in habitat from the apparently 
far more abundant montivindicis. 

The capacity of these leeches for imbibing blood is illustrated 
by one of the Gantok lots, nine o£ which were empty and six 
gorged with blood (Pl. VIII, figs. 38, 39). The six latter weigh 
13*86 grams., and an equal number of the former of the same 
size 1*2 grams, The fed leeches, therefore, are eleven and one- 
half times as heavy as the unfed. 

44. Hsemadipsa sylvestris Blanchard. (Plate Y, figs. 9,10; IX, 
fig. 41.) 

Bynonymy : 

Hcemadipsa sylvestris Blanchard, 1894, pp. 114,115. (Carin Mts., 
Burma, 1000 m.) 

Hcemadipsa sylvestris , Blanchard, 1897 a, p. 88, pl. v, figs. 9-11 
(diagram of external organization); Blanchard, 1897 5, p. 336. 
(Sumatra.) 

Hcemadipsa sylvestris , Blanchard, Brandes, 1901, p. 889. 

Heemadipsa sylvestris , Blanchard, 1917, pp. 661,662, fig. 11 (annula- 
tion). (Java, Sumatra, Burma and Tonkin.) 

Hcemadipsa zeylanica , Kahuraki, 1921 c, pp. 716, 716 (in part). 
Not Hcemadipsa sylvesUds, Moore, 1924, pp« 384, 385. 
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Diagnosis .—Larçest and most robust of the Indian Hsemadipsae, 
full-gro\vn examples exceeding two iuches in length. Colour 
plaiti yello\v or brovvn of varied shades, the mid-dorsal field some- 
times paler, \vith three dorsal black or dark brown stripes, the 
median typically narrower, broken or even obsolete. Sucker ravs 
most frequeutly 74-76, but varying between 69 and 80; prehensile 
papilla little developed. Head tessellae largely irregular; median 
areas constantly present; annulus V a 1 more or less developed as 
areas separating the third and fourth eyes, and sometimes forming 
a complete transverse ro\v. Furrow-pits fonr or Ove pairs on 
VIII to XI or XII, often indicated by pale spots. Eirst pair of 
nephropores on buceal margin. 

Tvpe-locality, Carin (Karenni) Mountains, Burma, 1000 m. 

Description.—Size large for the genus, ordinary specimens not 
fully extended, often attaining a length of 50 mm. and larger and 
more extended ones as much as 70 mm. It is possible that in life 



Fig. 61. — Hamadipsa splvestris. Somitea I-VI, from dorsum, Bhowing areola- 
tion and other head oharacters as in preceding figures. X12. 


and in the tenuous state of extension some of these leeches may 
attain a length of four inches. Compared with the ordinary 
H. zeylanica they are ginnts. A typical specimen of moderate size 
measures: length, 42 iiuii.; length to male pore, 8*5 mni.; buccal 
width, 3 mm.; width at male pore, 4*9 mm.; maximum width 
(XXI), 8*5 mm.; depth at buccal ring, 2*1 mm., at male pore, 
2*8 mm., at somite XXI, 4*3 mm.; caudal sucker, 6*3 x 7 mm. 

Form of preserved specimens more robust and more depressed 
than other species, tending strongly to a clavate outline with the 
greatest width at XXI or farther caudad, tapering to a compara- 
tively slender preclitellar region. Distinctly depressed with venter 
flattened and dorsum strongly convex. 

Head (fig. 61) broadly rounded, seldom distinctly triangular as 
in. other species. Dprsally there is a very distinct but narrow 
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]granulated margin, each area bearing a labial sense-organ, and the 
annuli sfcrongly but irregularly areolated, each area with an eye, 
sensilla or non-segmental sense-organ. A typicftl arrangement 
of the first five somites is as follovvs:—I, four preoeular areas; 
II, two pairs of marginals, one pair of large oculars bearing the 
first pair of eyes, and one small interocular wedged between 
the anterior ends of the oculars; III, two pairs of marginals, one 
pair of large oculars bearing the second pair of eyes, and three 
interoculars, the median one triangular, with its apex separating 
the paired areas anteriorly and its base forward against the oculars 
of II; IV, two pairs of marginals in tandem, a pair o£ large 
oculars bearing the third pair of eyes, and two rows of interoculars 
of five areas each, formiug a biconvex group converging on the 
oculars. All of these pass into the margin of the lip laterally, 
IV contributing somewhat t-o the buccal ring. Somite V consists 
dorsally of two complete aud a third incomplete ring, all united 
veutrally into tbe buccal,with its single rovv of tessellse. Dorsally 
a 3 is distinct as a typical, fully differentiated annulus. The larger 
anterior annulus consists of a well-developed a 2 bearing the 
fourth pair of eyes on large ocular areas, and a partially separated 
a 1, which consists of a row of small areas on each side beginning 
a little laterad of the oculars, passing between tbe tbird and fourth 
eyes and reaching interocularly to the psramedians, thus leaving a 
median gap wlnch is bridged by three large areas in a 2. It is 
possible that middle areas of the second row attributed to IV a 3 
may bave been detacbed from Ya 1, but this could be determined 
only by a most exhaustive study of the nerve distributiou. The 
irregularities and variations in this region are numerous, but 
praetically all specimens possess median areas, and also a row 
of areas betvveen somites IV and V, most frequently connected 
with the latter, sometimes with the former, occasionally in part 
with both. Of 156 speciraens examined with reference to this 
•character, 131, or 84 per cent., had these areas definitely inter- 
calated between the 3rd and 4th pairs of eyes. They are 
often absent from youug specimens and become more evident 
with increase in size. On the other hand, a perfeetly regular 
continuous rovv of areas extending across the entire width of the 
head is unusual. The eyes are large and prominent, and have the 
direction and arrangement usual in the genus. 

Ventral surface of lip finely granulated, with the median furrow 
shallow or absent, but a pair of deeper lateral £urrows cutting off 
the lateral buccal lobes. On all of the specimens examined these 
lobes are rather thick and fleshy, and, although continued along 
the inner face of the buceal ring, do not form a membranous frill 
as in H. ornata. 

Clitellum extending as usual over fifteen annuli (X b 5 to XIII 
a 2 iuclusive), but even in mature speciraens riot apparent on the 
exterior as a definite zone, but only as a slight deepening of the 
colour. Internally it forms a thick, loose, glandular layer. Gono- 
pores both small openings exactly in the furrows, the male XI 
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6 o/b 6, the female XII 65/6 6. Furrow-pits four (or five) pairs in 
the intermediate line of IX 6 2/a 2 to XII 6 2/a 2 (or occasionally 
on XIII), the last sometimes incouspicuous or wanting, a)l much 
less conspicuous than in H. oniata. The furrows YIII/IX to 
XI/XII may be much deeper thau the others. Owing to the pale 
ground-colour these depressed areas are not indicated in preserved 
specimens by xvhite or pale spots, though these appear to be 
present on the living leeches, as sho\vn in colour-sketches. 

Caudal suclcer moderately large, about three-fourths maximum 
width of contracted, exceeding that of extended, speeimens, 
generally broadly ovate with the longitudinal diameter exceeding 
the transverse, the anterior marginal process little developed. 
Radiating ribs most frequently 74 to 76, the mean of a large 
number being 75, but varyiug from 69 to 81. Dorsum coarsely 
areolated, the polygonal areas in at least five rows. 

Nephridial auricles large and well-developed, trilobate, the lobes 
on the margins of XXIV <z2, XXV and XXVI, the middle small 
aud triaugular, sometimes obsolete, the first and last with thin, 
membranous, irregularly subquadrate margins vvith produced 
angles. 

Nepliropores are usually obvious, opening dorsad from short 
canals just ventrad of the line of marginal sensillm in the caudal 
boi der of 6 2 of somites IX to XXIII inclusive, the seventeenth 
pair on the ventral surface of the first lobe of the auricle, the first 
on the sides betvveen the buccal ring and buccal frill. The latter 
are rarely visible in surface vievvs, but must be demonstrated by 
sections. 

Annuli very distiuct except on the areolated region of the head, 
separated by deep furrows, the intersegmental and the al/a2 
furrovvs being regularly deeper than the others. They are divided 
into the usual quadrate areas especialJy vvell-defined ou caudal 
somites. On the dorsum of complete somites nine or ten of these 
are included between the two paramedian black stripes and eleven 
or twelve between each of these and the margins, making thirty- 
one to thirty-four in all. Each bears a central larger sensory 
papilla and about it a cluster of smaller sense-organs, which may 
be nearly flush with the surface or somewhat elevated. On the 
venter the areas are smaller and less clearly defined. Sensillce are 
arranged as in H. zeylanica , but difler strikingly from those o£ 
that species, and especially of the mountain subspecies, in their 
small size and lack of elevation npon papillse. They are therefore 
inconspicuous, and upon many specimens indistinguishable. Only 
upon afew unusually rough examples from Lower Burma are they 
as conspicuous as Blanchard indicates in the types. 

Annulation. —Except for the characteristies of the head seg- 
ments, already fully described, the constitution of the somites is 
exactly the same as in H. zeylanica and as described by Whitman 
for H. japonica. 

Coloration closely resembles that figured and described by 
"VVhitman for H. japonica, but differs very constantly in that the 
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median dorsal stripe, vvhich is the best-developed and commouly 
the only one in the latter, is in this species narrovver and more 
impertect than the paired stripes, and frequently broken or 
obsolete. As described by Blanchard and figured from life by 
A. C. Chovvdhary (Pl. Y, figs. 9 aud 10), the living colour is rich 
reddish- or yellowish-brovvn, olive-brown or pale oli\ r e, uniform 
over the entire dorsum, or the median field is a paler shade of the 
same colour, or in some cases yellowish. The venter may be the 
same colour or somewhat paler, or more reddish. Dark spots are 
entirely absent from both surfaces, but ill-defined pale spots may 
occur in the position of the furrow-pits, The dorsum is marked 
with a median and a pair of paramedian black or dark browu 
lines, both extending for nearly the entire length. The latter 
are placed at the boun.dary of the paler and darker fields vvhen 
present, and are broader and more continuous, though often 
shorter than the mediau line. Marginal stripes brigbt orange or 
yellow. 

Preserved specimens varely exhibit the paler median dorsal 
field, but this may be due to the fading which obviously has taken 
place on most of the specimens. Tbe ground-colour, both above 
and below, is nearly white, grey, pale vellow, buff or light brown, 
in all cases nearly or quite uniform and quite free from dark 
spotting, but with the marginal stripes faintly indicated. The 
dorsal stripes are very constant, usuallv as narrow lines which 
may be deep black or dark brown. The median line is invariably 
narrower and fainter than the paired stripes, but when best 
developed is longer, beginning between the first or second pair of 
eyes, whereas the paired stripes usually begin on somite YIII. 
Both extend caudad to XXY or XXIY. The paired stripes are 
quite continuous and unbroken and the median may be continuous, 
but usually is best developed in the furrovvs and often very 
narrow or interrupted on the annuli, resulting in a series of 
small spots. The type described by Blanchard in whiçh the 
median stripe is broken into a series of short metameric dashes is 
rare. Much more commonly the median stripes become reduced 
or disappear completely, resulting in a true bilineate pattern, which 
is in sharp contrast to the condition of these stripes in H. japonica. 
Nor do any of these have the small, pale yellow spots at the dorsal 
sensillae vvhich are so conspicuous on H. japonica and most of 
the subspecies of H. zeyianica. 

Digestive System .—Jaws are more elongated than in H. zeylanica 
and bear more numerous' teeth, 72 to 87, the largest of which 
measure 0*025 x 0*0053 mm. Pharynx and stomach as in 
H. zeylanica , Gastric cseca eleven pairs, one pair in each somite 
from IX to XIX inclusive, alternating vvith small bulbous enlarge- 
ments of the stomach. The pre-genital pairs are small, the next 
four pairs increasing in size. All are simple, unbranched, 
spacious, and the sixth to tenth are bent somevvhat caudad and 
have bulbous ends. The last pair arises in XIX, and extends at 
the sides of the intestine to XXIY, having four lateral lobes. 
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Repi'oductive organs (fig. 62) differ in no important respect 
from those of H. zeylanica. Testes 10 pairs, at XIII/XIY to 
XXII/XXIII inclusive. Epididymes large, open, folded, U-shaped 
loops extending through XII and XIII, receiving the vasa 
deferentia into the anterior end of their lateral limbs and con- 
tinuing at their anterior medial ends into the ducti ejaculatorii, 
which are slightly fusiform, transversely arched, very firm, and of 
a yellow colour aud satiny sheen, opening into the prostate head 
of the atrium. Atrium very small, rising but little above the 



Fig. 62 .—Hcemadipsa sylvestris. Outline of anterior part of reproductive 
organs in situ t left epididymis removed. X 12. at., atrium. Other 
lettering as before. 

nerve-cord, the penis-sac and prostate little differentiated exter- 
nally, and the atrial cornua not sharply differentiated from the 
ducti ejaculatorii, which are asymmetrical to accommodate the 
nerve-cord. The whole is partly concealed by a loose glandular 
investiture. Ovarian sacs oue pair, ellipsoidal, about twice the 
size of the small anterior testes and lying at a higher level at 
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XII/XIIL Oviducts simple, straight tubes, the one about as long 
as the diameter of the ovisac, the other, \vhich passes beneath the 
nerve-cord, about fifty per cent. longer. Common oviduct about 
tvvice the length of the longer and about twice its diameter, 
bent into a sigmoid curve aud opening into the anterior end of the 
vaginal sac. Vaginal sac in fully mature vvorms a thin-walled, 
sausage-shaped caecum about three or four times as long as wide 
and reaching from XII to the caudal end of XV. The vaginal 
ducfc arises from the sac or caecum at its anterior end ventral to 
the point of entrance of the oviduct, and passes with a sharp curve 
beneath the nerve-cord to the small female bursa. It is a hard 
muscular tube, about as long as the oviduct and twice its diameter. 

Geographical Distribution and Bionomics .—The type-locality of 
this species is the Karenni Mts. of Lower Burma at about 3000 feet. 
Blanchard later reported it from the mountains of Java and 
Sumatra and from near sea-level in Tonkin. So far as the 
numerous specimens studied testify, the distribution in India con- 
forms with this vertical range and indieates fchat the species is 
chiefly confined to the north-eastern provinces. Lrom the high- 
lands of the Chinese border and Darjeeling it ranges throughout 
Burma and part of Bengal south through the plains of the lovver 
Granges and Brahmaputra to the environs of Calcuttaand tbrough 
the Irravvaddy svvamps to Pegu and Bangoon to Lovver Burma. 
With the exception of a single isolafced specimen from Naini Tal, 
in the Western Himalayas of the United Provinces, not one has 
appeared among many hundreds of land-leeches from other parts 
of India and Ceylon. Clearly the stronghold of this species is in 
the hills of Assam, especially in the neighbourhood of Shillong 
and Cherripungi and in Cachar (fifty comprising one lofc from the 
latter), and at elevations between 3000 and 4000 feet. There ifc 
attains its largest size and evidently is the dominant land-leech, 
and so conspicuous as to attract the attention of all collectors. 
The known vertical range is from near sea-level at Caleutta and 
Rangoon to about 5000 feet near Shillong. Ifc is quite probable 
that this species has at times been confused with the trilineate 
variety of H. japonica, as, excepfc that the latter never reaches so 
large a size, there is little to distinguish them without a critical 
study. 

Concerning seasonal distribution, specimens are recorded as 
having been taken in every month of the year, a fact which, so far 
as this species at least is concerned, effectually disposes of the 
statement sometimes made that land-leeches all die upon the 
approach of \vinter and the dry season. Prom Assam alone 
specimens collected in every month but January and July were 
examined, but spring and autumn collections were byfar the most 
numerous. But this may have been the result merely of the 
accidents of collecting and the omission of dates frora many of the 
labels. On the other hand, the Calcutta dates, so far as recorded 
on the labels, are limited to November, December and January. 
Another fact of infceresfc is that specimens collected during tho 
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winter months, both in the vicinitv of Calcutta and elsevvhere, as 
in the Ktiasi Hills, are sometimes recorded as having been taken 
in a semi-torpid condition under bricks and- stones or buried in 
soil, sometiines in stream-beds, in mud by the side of ponds or in 
moist earth. Thus, R. GL XJradin states that specimens taken 
November 27th at Tribene were buried a few inches below the 
surface of the soil on the bank of the Hoogly Kiver, and were 
lying in a sluggish condition when turned over. K. Hodgard 
writes thus of specimens collected on December 21st in the neigh- 
bourhood of Tollygunge, near Calcutta:—“I found the adults 
almost entirely buried in the mud under bricks, only the upper 
surface being seen. They were also in contracted condition and 
lay quite still as though dead. The young ones, however, always 
cravvled out aud moved about quickly vvhen the bricks under vvhich 
tbey vvere hidden were removed. ,, 

It appears also that this species is found in the vicinity of and 
onters water voluntarily during other seasons, and, contrary to 
what Whitman, Tennent and others have stated for other species, 
that it swims vvell. Mr. G. Mackrell, writing of examples en- 
oountered at Sylhet, Assam, on June 14th, states that ft they swim 
actively in water, but one finds them on damp grass as well.” 
Hooker (1848, ii, p. 42) mentions leeches in incredible profusion 
in the streams and damp grass in the Teesta River Yalley at 
2000 ft., and (i, p. 157) “leeches svvarm below 7000 ft.; a small 
black species [H. zeylanica montivindicis ] above 3000 ft. and a 
large yellovv-brovvn one belovv that elevation ' 9 at Tonglo. These 
references are undoubtedly to the present species. The Indian 
Museum collection includes specimens taken along with Hirudinaria 
javanica and Hirudinaria manillcnsis , and therefore presumably in 
or close to water. Annandale, on the other hand, mentions 
«pecimens collected at Tollygunge in moderately dry herbage. 

Besides the geueral statements that it attacks man and domestic 
animals, the only record of specific hosts that I find are the 
bullock and fresh-vvater crab ( Potamon atlcinsonianum ), botli on 
the northern hills. 

Unlike the smaller land-leeches this species rarely occurs in 
great svvarms, and, although it may be plentiful, it is referred to 
several times as solitary. This is confirmed by a record of the 
collections, for, notwithstauding that the number of lots exceeds 
that of any other form, the total number of individuals amounts to 
only 177, a number exceeded by several single lots of H . zeylanica 
and its subspecies agilis. 

Several correspondents designate this the “ stinging” leech, and 
state that its bite, unlike that of the common land-leeeh, is very 
painful. Whether this statement is warranted or is based upon a 
confusion of this species with the true “stinging” leech ( H . ornata) 
remains to be determined. It is not improbable that both may 
possess this characteristic. 

This is the only species of land-leech which has been taken in 
actual contact vvith its egg-capsules. They were taken tvvice, on 
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August 20th aud September 2ud, at Katihar, Puueah District, 
North Burma, by C. Paiva, and on both occasions under boxes in 
a garden. Once the leech was found with the << egg ,, beside it, 
and in the other case was aetually coiled about the capsule. Three 
capsules each measure about 8x11 mm., and are broadly ellipsoidal 
in shape, with a densely opaque central capsule slightly exceeding 
one-half of those measurements. This inner capsule, which con- 
tains the eggs or embryos aud the “albumin ” in whieh they are 
embedded, is formed of a stout and continuous envelope with a 
short tube for exit at each end. This is further encased in an 
outer spongy layer composed of a single thickness of Jarge and 
coarse polyhedral cells numbering about forty-five, nnd in all of 
these specimeus closed externally, not open as in the capsules of 
H . zeylanica montivindicis. 

45. HaBmadipsa ornata, new species. The Stinging Land-Leech. 

(Plate Y, fig. 11; IX, fig. 42). 

Diagnosis .—Size medium; form probably most slender and 
terete of the Indian representatives of the genus. Colour in life 
a brilliantly contrasting pattern of velvety blaek and light yellow 
or cream-coloured stripes, the black stripes a median and a pair of 
intermediate, much broader than the yeJlow; venter a rich ferru- 
gineous; suckers pale blue. Annulus V a 1 well developed 
between third and fourth eyes, but not forming a complete row of 
areas; median areas little developed. Pirst pair of nephridia 
opening on buccal rim, Purrow-pits exceptionally well developed 
at IX and X 6 2/cc 2, a less conspicuous pair on VIII, each in an 
unpigmented white or pale yellow spot. Sucker nearly circular, 
the functional prehensile papilla slightly developed; rays unusually 
numerous, 86-94. Dorsal sensillae raised prominently on rounded 
papillae. 

Type in Indian Museum collection No. 4875. Ghumti, 
Darjeeling District, aboub 3000 ft. ( 0. W. O’JBrian, collector). 

Descnption .—The size is between that of H. zeylanica and 
H. sylvestris. The largest specimen is 42*5 mm. by 4*5 mm. The 
type, a well-extended specimen, measures : length, 39*5 mm.; 
length to male pore, 11*5 mm.; width at buccal ring, 2*4 mm.; at 
male pore, 2*9 mm.; maximum width (XXIII), 4*2 mm.; depth 
at male pore, 2*7 mm., at XXIII, 3'7 ium.; caudal sucker, 5*3 by 
5*7 mm. The usual length is around 30 mm. 

Fo't'm habitually more slender and elongated tlian other species, 
very little depressed but nearly circular in cross-section, the 
maximum diameter far back, close to the sucker at XXIII. 

Head (fig. 63) usually somewhat widened at the buccal ring, 
bluntly triangular. When fully expanded, as when the leech is 
engaged in sucking, it forms a repand, circular disk. Yentral 
surface granulated and in the resting state with a shallow median, 
and two pairs of furrows, laterad of which are the large lateral 
buccal lobes continued as distinct buccal frills. On the dorsum the 
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te8sell» are relatively smaller and more regular than in H . syl - 
vestris , but resemble tbat species in their general arrangement. 
Their typical disposition is shown in fig. 68, \vhich also shows 
well the broad unsegmented margin of the head. Eyes five pairs, 
arranged as in the other species but appearing to be somewhat 
smaller, the third and fourth pairs constantly separated by well- 
developed areas which, however, do not form a complete transverse 
row. Median areas little developed. Buccal ring formed by 



Fig 63 .—Hamadipsa ornata. Somites I-IX, froin dorsum, showing eyes, 
sensillae and on head other sense-organs, somites, annuli, areolse and 
furrow-pits ( cp ). X 7£. 


somite Y, the furrovv a 2/a3 continuing almost to the mid-venter. 
Post-buccal ring divided, as the furrovvs on somite YI may be 
traced entirely across the venter. 

Clitellum seldom discernible externally even by a distinctive 
colour, but dissection demonstrates the loose glandular layer, 
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extending over the usual fifteen aumili (X6 5 to XIII a 2 in- 
clusive). Gonopores in the furrows XI b 5/6 6 and XII 6 5/6 6, 
in no case appearing othenvise than as small pores in the furrows. 
In no case is a penis protruded. Nephropores appear just ventrad 
of the marginal line on the caudal border o£ 6 2 of somites IX ta 
XXIII inclusive, as conspicuous pores directed upward, the exact 
position of which is indicated in most cases by a small spot 
of deep brown pigment. A similar spot often oecurs at the 
corresponding point on VIII al, but in no case has it been 
possible to demonstrate the actual opening of the first pair of 
nephridia either here or on the buccal margins. In two speeimens 
openings appeared to be in the latter position, but unfortunately 
adequate material for sectioning is lacking. The openiDg ot' the 
seventeenth pair is clearly on the ventral surface of the base of 
the first lobe (XXIV a 2) of the nephridial auricle. 

Auricles large, consisting of three lobes derived from the 
marginal papillse and integuments of a2 of XXIV, XXV and 
XXVI. The lobes are separated by broad, nearly circular siuuses,. 
and all are relntively large, with thiu membranous margins, the 
first and third squarish or even with the angles prolonged, the 
middle lobe smaller or rarely nearly as large, triangular or truncate,. 
with the margin rounded. The whole is admirably adapted to fit 
closely to the irregular dorsal surface of the sucker. The dorsal 
surface is conspicuously white, the ventral pigmented, thus in 
agreement with the marginal and submarginal stripes. 

Caudal suclcer relatively large, considerably exceeding the 
maximum body diameter of extended examples; flat, discoid, 
slightly longer tban wide, with the anterior angle little produced 
as a prehensile papilla. The dorsal surface is strongly and 
roughly tessellated, with the areas in five distinct transverse 
rows besides some less distinet marginal areas. The six series 
of dorsal and two of ventral sensillae are well-developed, but 
seldom more than three appear in any one series. The venter 
is divided into a middle granular area and a broad marginal 
zone of radiating ribs which are remarkable both for their 
prominence and the unusually large number, which varies from 
86 to 94, each terminating in a prominent marginal tooth. 
These ribs are really not strictly radial, as only a few of them 
would pass through the centre if produced. Both the anterior 
and posterior ones are arranged in pairs along a median longi- 
tudinal axis, and the anterior angle is formed of the first pair, 
not of a single ray. The sucker, therefore, is bilaterally sym- 
metrical. 

Furroiv-pits are typically present in IX62/a2 and X6 2/a2, 
but a smaller pair occasionally occurs on VIII. Thej’ are situated 
in tbe intermediate field within the lateral black stripes, and 
because of their whiteness or pale cream-colour are very con- 
spicuous. They are usually well-deve!oped in this species and 
extend half-vvay across the bounding annuli. VVhile none of tho 
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materiul examined is sufficientlv \vell fixed to make tlie deter- 
mination ot their exact structure possible, or to decide \vhether 
they contain a peculiar organ, several facts are quite clear. The 
unpigmented area is sinooth and translucent, in contrast to the 
rough, black surrounding area ; it is slightly depressed; the furrow 
at this point is much deeper; and the epithelium in the deeper 
part of the depressiou, at least, is thicker and lacks capillaries and 
most of the inucous glands, so abundantly present in the sur- 
rounding area. These areas are clearly modified, but their 
minute structure and significance is unknown. Tliey have much 
of the appearance of the copulatory or fertilization areas of the 
Erpobdellidss. 

The integumental areas are more prominent in this than in any 
species of Indian land-leech, the papillae project proiuinently and 
the surface (of preserved leeches) is harsher and rougher to tho 
touch. In the post-clitellar middle region the number of areas is 
about forty to forty-two, arranged about as folloxvs : A 4, B 2 or 3 y 
C3, D and E each 0 or 1, F3, G5 and H7 or 8; adding the 
twelve sensilla) to these, the total number of areas on sensory 
nnnuli is about 50 to 54. Sensillae are borne on rather large but 
lo\v, rounded papillae which, because of their white colour con- 
trasting with the black background, are very conspicuous. They 
have the usual number and arraugement, six dorsal and six ventral,. 
the- marginals being absent, or occasionally present and very small.. 
On the head each area bears a single sense-organ similar in 
appearance but smaller than true sensillas. On the body the non- 
metameric organs are much smaller. 

Annulation .—The typical constitution of the somites is as 
follows:—I consists of five small preocular areas, each bearing a 
labial sense-organ. II includes a pair of large oculars bearing the 
first pair of eyes and in contact medially, and a pair ot‘ marginals,. 
each of which may be divided transversely into t\vo. III consists 
of the secoud pair of large oculars, one or tvvo pairs of marginals 
bearing one pair of sensiilse and three interoculars, of \vhich the 
median is very small, and the paired large, and bearing the para- 
median sensillae. Variations occur, as in the figure. TV is 
constituted of the third pair of oculars, a large marginal bearing 
the supra-marginal sensilla, and usually one or two smaller 
marginals, about three pairs or two pairs and a median group 
of interoculars, forming a regular transverse row. Additional 
8mall areas may occur, and in one the median and next pair 
laterad are divided by a faint transverse furrow with two ineipient 
rows, the begiuning of IV a 3. Y is bianuulate, the furrow 
a2/a3 nearly complete all round, fading out only close to the 
ventral mid-line, the tessellse forming two rows clear across 
the venter. The first or longer annulus is regularly divided inta 
two row8 of areas representing a 1 and a 2. The latter consists 
of the large oculars bearing the fourth pair of eves, usually two 
or three raarginals on each side reacbing the buccal rim, and threa 
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or four pairs oi‘ interocnlars, the pair bearing the paramedian 
sensillae being much the largest. a 1 is usually deficient mediallv 
between the paramedians, but from these laterad consists of a 
complete row extending between the third and fourth pair of 
eyes to the margins of the head. Occasionally it extends clear 
across the middle in a regular row of as many as seven interoculars. 
YI is triannulate all round, al<a2<a3 on dorsum, while on 
the veuter al/a2 becomes shallower and al, especially, shorter, 
and bears tbe fifth pair of eyes and a full set of sensillse on a 2. 
YII triannulate, approximatelv equally so all round (a l>a 2<a 3). 
YIII quadrannulate (a l>a 2=6 5=6 6). IX-XXIII are all 
complete and quinquannulate(6 1=62 = 65 = 6 6>a2), except that 
on XXIII 6 5 and 6 6 are somewhat reduced. The sensory annuli 
of complete somites, although slightly shorter than the others, are 
more elevated and project slightly above the general level. 
XXIY triannulate (6 1=6 2 = a 2), the fate of a3 being 
doubtful as in other species. XXY, XXYI and XXYII eaeh 
uniannulate. 

Colour .—The living colours (Pl. Y, fig. 11) of this leech are 
very strikingand handsome, and Susruta’s appellation of “ rainbovv- 
striped” applies well to it. It is noteworthy also that they are 
retained after preservation with remarkable fidelity. The condition 
iu life is depicted in the figure after A. C. Chowdhary, and the 
following description based upon the type is in close agreement 
both with this and with other specimens. On the dorsum a broad 
velvety black solid stripe occupies the entire vvidth of the median 
field from the fourth pair of eyes to the anus (Y to XXVII). 
Bordering this is a pair of cream-coloured stripes about one-third 
as wide and occupying the paramedian lines frotn YIII to 
XXIV a 2. Caudad of the latter they merge into the blue colour 
of the caudal region, and on VIII they broaden and similarly 
merge with the blue colour of the head. On 6 2 and a 2 of IX 
and X, and on some specimens less obviously on the same part of 
VIII, they spread laterad as pairs of ovate cream-coloured spots, 
including the intermediate sensillae and the furrow-pits anterior 
aud laterad of them. Laterad of the paramedian pale stripes is a 
pair of dark stripes wider than the median, beginning at about 
VII a 2 or a 3 as a warm smokv-brown, becoming darker, first 
along the medial border and finally for the entire widtb, a rich 
purplish-black, and ending abruptlv on XXIV. As these stripes 
embrace the entire width of the intermediate field, about half of 
the paramedian and about one-third of the supra-marginal, the 
cream-coloured or whitish intermediate and supra-marginal sensillse 
appear on them as conspicuous small spots. Marginal stripes are 
the narrowest of them all, pale cream-colour or nearly white, 
beginning indefinitely at about VIII, becoming sharply defined 
and continuing to XXIV. Yenter reddish-buff, becoming paler 
anteriorly and smoky-brown at the margins, the latter colour 
especially concentrated in spots about the submarginal sensillse 
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and nephropores on annuli b 2 and a2. Cephalic end anterior to 
VIII, dorsum of caudal sucker, bases of nephridial auricles and 
the segments bearing them pale blue. Venterof both suckers and 
gonoporal regions grey. A dusky spot on the head includes tbe 
first two pairs of eyes. 

Other specimens are exactly like the types, but several which 
have probably faded have the black stripes replaced by purplish- 
brown or even lavender-brown with deep concentrations on b 2 
and a 2. Specimens from Pashok are very dark with a strongly 
ferruginous tinge, especially on the venter, the intermediate biack 
stripes narrower than the median, andall reaching farther forward. 
The pale intermediate spots on IX and X are present on all 
specimens. Three specimens from Sarawan somewhat doubtfullv 
referred to this species have the paired black stripes each divided 
iuto two, making five in all. 

Oeographical Distribution and Bionomics .—Except for three 
somevvhat doubtful examples from Bihar and one from the Hill 
Tracts in East Bengal, all of the thirty-tvvo specimens of this 
species were collected in Darjeeling and Assam from elevations 
between 1500 feet in the Khasi Hills to 3000 feet at Ghumti, at 
which poiut it is reputed to be common below that elevation. Most 
of the lots consist of single specimens, but two of eight and twelve 
were taken at Kamrup, Assam. In this district Mr. L. W. 
Middleton reports thern as inhabiting the small hills on the edgo 
of the low country along the Brahmaputra. In agreement with 
otlier collectors he designates them as “stinging leeches,” and 
states that “ these leeches attack man, and their bite, unlike that 
of other land-leeches, is very painful. ,? This peculiarity is of 
interest in connection with their showy “ warning ” colours. So 
far as recorded, tbe dates of collection fall entirely within the 
months of May, June, July and August, and one in October. 
That they climb trees is attested by S. W. Kemp, who refers to 
one that fell upon him from a tree in a juugle in Xorth Assam. 

Two egg-capsules collected by C. W. Beebe at Jorpokri, Dar- 
jeeling, may belong to this species. They measure 13x10 and 
11x9 mm. respectively, are similar in structure and colour to 
those of H. zeylanica montivindids (Pl. VIII, fig. 37), but the outer 
layer is composed of about sixty polyhedral cells, part of which are 
open, part closed. 

A land-planarian similar in size,form, and colour-pattern occurs- 
with the leeches in Darjeeling. 

46. Hmmadipsa dussumieri Blanchard. 

Synonymy: 

Hcemadipsa dussumieri Blanchard, 1917, p. 668. 

Somites I to IV uniannulate ; V biannulate ; VI triannulate; 
VII quadrannulate (al-|-a2-i-65-f-6 6); VIII quinquannulate 
(61-|-S2-|-a24-b54-66); IX-XXIH complete, quinquannulate; 

TJ 
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XXIV quadrannulate (61 + 6 2 + a2 + «3) ? ; XXV, XXVI and 
XXVII each uniannulate. Total number of annuli 100. Male 
gonopore XI 6 5/6 6, female XII 6 5. Length 36 mm,, width 
5 mm. 

Type in Paris Museum, No. 195, collected by Dussumier. 
Locality unknown, but supposed bv Blancbard to be southern 
Hindustan, inasmuch as the collection of the Paris Museum 
includes other leeches collected by Dussumier in 1830 from the 
Malabar and Coromandel coasts. 

No Hcemadipsa exhibiting sucli constitution of somites VII, 
VIII and XXIV has been seen by me. 
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TO THE 

ARHYNCHOBDELLiE. 

Severnl small collections recfeived after the completion of the 
manuscript make possible some important additions to localities 
and other data, as well as some corrections relating to the folloxving 
species:— 

Herpobdelloidea indica (Kaburaki). 

Dr. H. Gr. Kribs has sent several specimens taken from pools 
at the junction of the Jumna and Granges Itivers near Aliahabad 
at an elevation of ñve hundred and thirty feet. Dried egg-cocoons 
attached to stones are similar to those of Erjpobdella and measure 
7 x 2*5 to 3 mm. 

Myxobdella annandalei, Oka. 

Additional synonymy : 

? Heemopis concolor Kaburaki, 1921 <?, pp. 713, 714, fig. 7 (annu- 
lation). (Kasauli, W. Himalayas.) 

There is little doubt ot‘ the correctness of this determination as 
the typesagree in every determined feature of external morphology, 
anatomy and colour. 

Dinobdella notata, Moore. 

The collection of the Madras Museum ineludes three specimens 
kindly forvvarded for study by Mr. F. H. Gravely. All were 
taken in tiie Nilgiris Hills at altitudes between 6500 and 8000 
feet, one at Ootanamund and two at Keti, May 20-30, 1921. 
They are fully mature and mucli better preserved than the types, 
with which they agree both internally and externally except in 
the following important respect. The jaws are much better 
preserved and larger, and the teeth, whieh are totally absent 
in the types, probably haviug been lost through maceration, are 
well preserved and perfectly obvious on all three of tbese. They 
have the form, size and arrangement characteristic of JJirudo and 
related genera and number from 57 to 63. Tbis observation 
again throws doubt upon the generic position of this species, and 
draws it closer to Hirudo birmanica. 
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Hirndo birmanica (Blanchard). 

Dr. H. G. Kribs reports this species as common in pools along 
the banks of the Jurana Kiver near Allahabad. Other collections 
received from the Indian Museum, the Madras Museum and the 
British Museum represent additional localities, mostly in Madras 
and Ceylon, especial interest attaching to the following: Kilakaria, 
on the south-east coast of Madras in the latitude of north Ceylon, 
and TJdayagira, in the northern Eastern Grhats, at 3000 feet. This 
species is an almost universal inhabitant of village tanks and is 
common in rice fields. 

Hirudinaria manillensis (Lesson). 

Additional specimens received from the Indian Museum include 
some from the Dara Ismail Kahn District, and prove that this 
species penetrates at least 500 miles up the valley of the Indus 
Kiver to a point in close proximity to the highlands, though 
itself approximately on the 500 foot contour line. In the far 
south, on the contrary, its range extends into the hills, not only 
in the interior of Ceylon, as already stated, but also in the 
Mysore District of central Madras, from whieh there are examples 
in the British Museum. 

Hirudinaria granulosa (Savigny). 

Further collections submitted by the Director of the Indian 
Museum contirm the discovery of the abundance of this species on 
the west coast in Malabar District and Cochin State, where it 
appears to be far more plentiful than the lowland H. manillensis . 
It is abundant also throughout the North-West Erontier Provinces. 

That the reported entrance of this species and the last into the 
nose passages of mammals is not entirely a mafcter of mistaken 
identity, as the writer has been inclined to believe, is proved by 
an example eontributed by Dr. H. G. Kribs, which was taken 
from the nasal chamber of a dog afc Landour, TJnited Provinces. 

HsBmadipsa sylvestris (Blanchard). 

A typical small example reported to have been taken in Madras 
(exact locality unknown) is included in tbe collection of the 
Brifcish Museum. 

HaBmadipsa zeylanica (Savigny). 

A study ot’ sections of the several subspecies makes it possible 
to correct the statement of Whitman and others that the first 
pair of nephridia differ from those of other species of the genus 
and agree with the condition typical of aquatic leecbes in opening 
on 8omite VIII. As a matter of fact, they are carried forward to 
the lateral rim of the oral sucker as usual iu the genus, and as 
first demonstrated by Bolsius (1895). 



298 


APPENDIX. 


H. zeylanica agilis, Moore. 

Additional localities are Landour, United Provinces, 7500 feet* 
July, H. G-. Kribs; Palni Hills, Madras, 4500 feet, June, F. H. 
Gravely; and Dfioni Forest, S. Malabar, 1500-4000 feet, E. Barnes. 

H. zeylanica montivindicis, Moore. 

Specimens in the Madras Museum taken in June at Kalimpong, 
Darjeeling, have the positions of the nephropores, beginniug with 
the second pair on IX, very conspicuously indicated by intensely 
dark pigment spots, as already described for H. ornata. 
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asiatica (Hamopsis), 190. 


asiatica (Hemiclepsis 
marginata subsp.), 87. 
asiatica (Hirudo ), 189, 
190. 

atomaria ( Herpobdella ), 
131. 

atomaria (Herpobdella 
octoculata var.), 131. 
atomaria ( Hirudo ), 130. 
atomaria (Nephelis), 130. 
Avii-enna, the Oanon of, 
xxiv. 

Barbronia, 135.. 

JBdelta, 19.*. 
bioculata (Clepsine), 68. 
birmanica {Hcemopis ), 
176. 

birmanica ( Hcemopis ), 

192. 

birmauica (Hirudo), 192, 
297. 

Bleeding by ineans of 
Jeeches; vii, ix et seq., 
236, 237. 

boyntoni (Hirudo), 219. 
Branchellion, 93. 

Breul, Dr., xxvi. 
Brigbtwell, xxx. 

Bugs (Cimex lectularius) 
expel leeches, xxiv. 

cfflca (Piscicola), 52. 
carencB (Clepsine), 60. 
Carp (Capoeta frater- 
cula) preys on leeches, 
xv. 

Celsus, xix. 
ceylanica (Glossi- 
phonia ), 73. 


cey lan i ca ( Glosso- 

siphonia), 73. 
ceylanica (Hsemadipsa),. 
255. 

ceylanica (Hirudo 
(Hamopis ?)), 255. 
ceylanica (Placobdella),. 
73. 

Ceylon colonised by 
Aryans, viii. 

Ohalniers, Lord, xiv. 
cimiformis (Glossi- 
phonia), 57. 

Clepsina, 57. 

Clepsine, 57, 81. 
ClepsinidtB, 57. 
cochiniana (Hsenmdipsa 
zeylanica subsp.), 265. 
complanata ( Clepsine),. 
57. 

complanata (Glossi- 
pljonia), 57. 
complanata (Glosso- 
siphonia, 57. 

complanata ( Himcdo ),. 

57. 

concolor (Hcemopis), 296. 
Cook, J. M., xviii. 
Crocodile, xvii, xviii, 14. 

Damirl’s Zoological lexi- 
con, vi. 

decora (Macrobdella), 
xxix. 

depressa (Pontobdella) v 
45. 

J}ina, 135. 

Dinobdella, 175. 
dussuniieri (Hasma- 
dipsa), 289. 
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£brard, xxix. 
elegans ( Clepsine ), 57. 
elegans (Glossiphonia), 
57. 

Elepbants, xxi. 
emydffl (Placobdella), 
74. 

Epiduurus, xxvi. 

Erh Ya, the, v. 
Erpobdella, 130. 
Erpobdella , 57. 
Erpobdellidae, 126; Key 
to genera aud sub- 
genera, 12!h 
Eubranchella, 36. 


ferox (Dinobdella), 175. 
ferox ( JVkitmania), 175. 
hmbriata (Clepsine 
(Glossiphonia )), xviii. 
Foraminobdella, 149. 
fulva (Placobdella), 78. 
fuscolineata nipponica 
(Hirudo ), 192. 


Galen, De Hirudinibus, 
xxii. 

Galilee, leeches in, xv. 

Graster, Dr., xvii. 

Geobdella, 151. 

Giles, Prof. H. A., vi. 

Glossiphonia, 57. 

Glossiphonidae, 57, 93. 

' Glossobdella, 57. 

Glossopora , 57. 

Glosso9iphonia, 57. 

Gnathobdellce , 97. 

Gnathobdellea, 154. 

Gnathobdellidoe , 154. 

gracilis (Placobdella), 
93. 

grandis ( Limnobdella ), 

201 . 

granulosa (Hirudinaria 
( Pcecilobdella )), 226, 

297. 

granulosa ( Hirudo ), 226. 

granulosa (Limnatis), 

226. 

granxdosa (Limnatis), 

218. 

grauulosa (Limnatis 
(Poecilobdella^)), 226. 

granulosa (Limnatis 
( Pcecilobdella );, xxix, 
218 * 

Green, Mr. F. W., v. 

(Aulostomum), 190. 


Hffiinadipsa, 253. 

Hcemadipsidce, 244. 

Hfflmadipsinffl, 244. 

Hcemopis , 199. 

“ Hairy ” leeches, 229. 

Hebrew8, use of leeches 
by, xvii. 

Helluo, Oken, 130. 

Helobdella, 68. 

Hemiclepsis, 83. 

heptamerata (Fora- 
niinobdella), 149. 

Herodotus, xvii. 

Herpobdella, 130. 

Herpobdellidoe, 126. 

Herpobdelloidea, 140. 

heteroclita (Clepsine), 60. 

heteroclita (Glossi- 
phonia), 60. 

heteroclita ( Glosso - 
siphonia), 60. 

heteroclita (Hirudo), 60. 

hexocidata , (Herpobdella), 
135. 

Hippocrates, xxiv. 

Hirudidffl, 154. 

Hirudinffi, 158; Key to 
Indian Genera and 
Subgenera, 159-160. 

Hirudinince, 158. 

Hirudinaria, 207. 

Hirudinea, Segmentation 
(metamerism and an- 
nulation) of, 1; diag- 
nosis, 35. 

Himdinidce, 154. 

Hirudinides, 154. 

Hirudo. 189. 

Horse-leech, xiv, xvii, xx, 
xxii, 200. 

hyalina ( Hirudo ), 60. 


latrobdella, 189. 
Ichthyobdellidffl, 35, 93. 
ilqitu (=leech), vi. 
indica ( Albionc ), 45. 
indica(Herpobdelloidea), 
144, -96. 

indica (Hirudo), 45. 
indica (Nematobdella), 
i44. 

indica (Pontobdella), 45. 
Indo-Aryan Kesearch, 
Encylopedia of, vii. 
inleana (Placobdella), 76. 


jantseanus (Ozobran- 
chus), 36. 


javanica (Hirudinaria), 

2i0. 

javanica (Limnatis), 210. 
j a van ica (Limnatis 
(Pcecilobdella)), 210. 
javanica (Sanguisuga) f 
210 . 

Johnson, J. R., xxviii, 
xxix. 


lcevis (Hirudo), 169. 
lfflvis (Whitmania), 169. 
Lap - wing, Egyptian 
Spur - wing (Hoplo- 
pterus armatus), xviii. 
lateroeulata (Herpob- 
delloidea), 141. 
Lebanon, leeches in, xv. 
Leeches in Anglo-Saxon 
literature, xxvii; in 
Assyrian, vi; in Ghin- 
ese, v; in Egyptian, v; 
in French, xxvii; in 
German, xxvi ; in 
Greek, xvii; in Latin, 
xvii; in Pali, xiv; in 
Sanskrit, vii; in com- 
merce, tive classes of, 
xxx; artificial ponds 
for, xxviii; cultural 
metliods, 236-238. 
Leptostoma, 168. 
Limnatis, 199. 
lineata (Herpobdella), 
131. 

Lophobdella, 36. 
loricata (Pontobdella), 
39. 

Lun Heng, the, v. 
luzonice (Hirudo ), 218. 


macrotbela (Pontobdella 
(subgen. Pontob- 
dellina)), 45. 
macidata (Hirudo), 218» 
maculosa ( Hirudo ), 218. 
maculosa (Limnatis), 
218. 

Mababharata, leech first 
mentioned in the, viii. 
manillensis (Hirudin- 
aria), 218, 297. 
manillensis ( Hirudo), 
218. 

manillensis (Limnatis 
(.Poecilobdella )), 219. 
Marcellus, xvii. 
marginata( Glossiphonia), 
83. 
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marginata ('Hemiclepsis), 
83. 

mnrginata (Hemiclepsis 
marginata subsp.), 83. 
marginata ( Hirudo), 83. 
Masterman, Mr., xv. 
medicinalis (Hirudo), 
xxviii, xxix, xxx. 
Messalinus, xix. 
meyeri (Protoclepsis ), 82. 
Microstoma , 168. 
montana (Hsemadipsa), 
269. 

montivindicis (Hoema- 
dipsa zeylanion subsp.), 
267, 298. 

multistriata (Hirudo ), 
218 

Myxobdella, 161. 


Natantia, 158. 

Nematobdella, 140. 

Nep&li juko, viii. 

Nepkelidce , 126. 

Nephelides , 126. 

Nicbolson, Prof. R. A., 
vii. 

nigñscens (Aulostomum ), 
190. 

nilotica (Bdella), 200. 

nilotica (Limnatis), xiv, 
xv, 200. 

nilotica ( Paleeobdella ), 

200 . 

nipponia (Hirudo), xxix. 

nociva (Helobdella), 70. 

notata (Dinobdella), 185, 
296. 


octoculata (Erpobdella), 
130. 

octoculata, Herpohdella, 

KM. 

octoculata ( Hirudo), 130. 
officinalis (Liostoma), 
xxix. 

olivacea (Piscicola), 48. 
ornata (Haemadipsa), 
284. 

Ozobrancbus, 36. 


Po lceobdella, 199. 
pallida (Clepsme ), 57. 
paludum (Hcetnopsis), 
201 . 

paludum (Limnatis), 

201 . 


j3ap/^u/ws(Ozobranclius), 

36. 

papitlosa (Hinido), 60. 

Paraclepsis, 88. 

parasitica (Placobdella), 
93. 

Peck, A. L., xxvi. 

Persiftns, use of leeobes 
by the, vi. 

Pharyngobdellce, 126. 

pigra (Whitmania), 169. 

pigru?n(Leptosto)na), 169. 

pigrum (Microstoma), 
169. 

Piscicola, 48. 

Placobdella, 72. 

Pliny, xix. 

Plover (Pluvianus aegyp- 
ticus), xviii. 

Pontobdella, 39. 

Pontobdellina, 44. 

Po wu chib, the, v. 

praedatrix (Paraclepsis), 

88 . 

Prior, Prof., xxvii. 

Protoclepsine, 81. 

Protoclepsis, 81. 

Proverbs, Book of, xiv, 
xvii. 

Pseudobranchellion, 36. 

Pterobdella, 54. 


quadriooulata (Tro- 
chota), 151. 
quatrefagesi (Lophob- 
della), xviii. 


Rapson, Prof., vii. 

Repantia, 244. 

reticulata (Glossi- 
pbonia), 65. 

Rhyncbobdellae, Intro- 
duction to, 13; diag- 
nosis, 13, 35 ; fatnilies 
of, 13; suckers, 13; 
body-forra, 14; bosts, 
14; extornal charac- 
ters, 15; ccbIoih, 17 ; 
vascular system, 21 ; 
alimentary tract, 23; 
generative organs, 24; 
spermatophore, 25; 
copulatory area, 26; 
oonductive tissue, 26; 
eggs and cocoons, 
28; nephridia, 29; 
methods of preserva- 
tion, 30; bibliograpby, 
94. 


rouxi, Barbronia , 135. 
Saiifa, 140. 

ISandpiper (trochilos) of 
Herodotus, xvii. 
sanguisorba (Hirudo), 
218. 

Sanguisuga , 189. 
sanguisitga (Hcemopis) f 

200 . 

Sanskrit names for leecb : 
raktapa, jalauka, jala- 
sarpinl, jaluka Sindl 
jaru, etc., vii, viii. 
Scaptobdella, 151. 
sexoculata (Clepsine), 57» 
sexoculata (O-lossi- 
pbonia), 57- 
sexoculata (Protoclep- 
sine), 82. 

sexoculata (Theromyzon), 
82. 

shipleyi (Ozobrancbus), 
36. 

Sornatius, xx. 
stagnalis (Glosso- 
siphonia ), 68. 
stagnalis (Helobdella), 
68. 

stagnalis ( Hirudo), 68. 
subviridis, Murie ( Tro- 
cheta), 175. 

Susbruta Samhita, viii, 
ix, xiii note, xxiv, 116, 
236, 237. 

sylvestris (Haemadipsa), 
276, 297. 


Talmud, xiv, xvii. 

Themison, leeohes first 
used by, xxiv. 

Tberomyzon, 81. 

Tbompson, R. Campbell, 
vi. 

Trachelobdella, 93. 

trioculata (Hirudo ), 60. 

Trooheta, 151. 

Trochetia, 151. 

troctina (Hirudo), xxix. 

tuberculata (Grlossi- 
phonia), 57. 

turkestanica (Limnatis), 

200 , 201 . 

Turner, Prof. R. L., vii, 
viii. 


undulata (Placobdella), 
78. 
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yiridis (Hirudinaria 
(Pcecilobdella)), 239. 
Tulnifera (Paraclepsis), 
91. 

Wang Chung, y. 

•weberi (Barbronia), 135. 
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weberi (Dina), 135. 
vreberi (Glossiphonia), 
62. 

Whitmania, 168. 
Whitmania sp., 185. 
Winckwortb, Mr. 0. P. 
T., vi. 


zeylanica (Haemadipsa), 
255,297. 

zeylanica (Hirudo), 
255. 

zeylanica ( Sanguisuga ), 
253, 255. 
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(For detailed Explanation. aee p. xxxiv.) 
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Plate IV 



INDIAN ARHYNCHOBDELLJE. 

(For detailed Explanation, see p. xxxiv.) 
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(For detailed Explanation, see p. xxxv.) 
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Plate VI. 



INDIAN ARHYNCHOBDELLiE. 

(For detailed Explaiiation, see p. xxxv.) 
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